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INVESTIGATIONS TARGETING THE APPLICATION OF ULTRA-HIGH DURABLE SLAB IN A HIGHWAY BRIDGE

INVESTIGATIONS TARGETING THE APPLICATION OF

ULTRA-HIGH DURABLE SLAB IN A HIGHWAY BRIDGE
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Targeting to reduce future maintenance of bridge deck slabs, Ultra-high durable slab was developed. It does
not utilize any corrosion prone steel members such as reinforcements or prestressing strands. After the
basic development, to utilize it in a real highway bridge, additional experiments were done. A 11 m long
model bridge was constructed and used for 3 months to investigate the constructability and the structural
performance. 100 m long Aramid tendon tensioning and grouting experiment was carried out as well.

Developed deck slab was utilized in deck renewal project in Tadeno No.2 bridge in Chugoku expressway.

Key Words: Ultra-high durable, Fiber reinforced concrete, Aramid FRP rods, Deck renewal

1. BACKGROUD

There is an increment of slab deck replacement projects in
Japan to secure the serviceability of deteriorated bridges.
Ultra-high durable slab (Dura-Slab), a pre-stressed concrete
bridge deck slab system, was developed to overcome the
corrosion damage of concrete deck slabs aiming to utilize in
deck replacements in plate girder bridges. It is made of fiber
reinforced concrete, Aramid Fiber Reinforced Polymer
(AFRP) rods as prestressing tendons and does not contain any
steel components. By eliminating corrosion damage, Dura-
Slab is expected to be requiring very little maintenance
during the service life which will lead to low carbon emission
and lifecycle cost. The new structure is estimated to reduce

the carbon emission nearly 40%".

1.1 DURA-SLAB STRUCTURAL CONFIGURATION

As shown in Fig. 1., Dura-Slab is a ribbed slab made of
high strength fiber reinforced (polyvinyl alcohol fiber-PVA)
concrete with 80 N/mm? design compressive strength.
Prestressing tendons made of multiple AFRP rods are utilized
instead of steel tendons. Dura-Slab is made as pre-tensioned
precast panels. Longitudinal prestressing tendons are
installed and post-tensioned at the site to integrate the precast
panels in the longitudinal direction.

Dura-Slab features a fully non-metal structure by removing
all corrosion prone elements. Longitudinal AFRP tendons are
bond anchored eliminating the conventional steel anchorage
components?. Reinforcement near the anchor, consists of
GFRP (Glass Fiber Reinforced Polymer) rods.

The precast slab panel joint in Dura-Slab is shown in Fig.1.
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Fig. 1. Components of Ultra-high durable slab and structural arrangement in a slab deck renewal project

By introducing longitudinal prestressing with a transverse
ribbed structure, the panel joint was made smaller compared
to a conventional joint. Elimination of reinforcement allows
significant time and labour saving in joint construction.
Conventionally, precast concrete panels are connected to the
steel girders using shear studs. Stud openings which penetrate
the full slab thickness are provided. In addition, bolt openings
are provided to adjust slab level during placement. Steel
anchors are used in the top slab surface for panel lifting.
Girder-slab joint of Dura-Slab shown in Fig. 1. is constructed
by injecting high strength low shrinkage mortar from bottom
of the slab avoiding slab penetrating openings. Level
adjustment bolt holes were not provided, and ceramic inserts
were set in the sides next to slab keys for panel lifting.
This paper summarizes the experimental studies which
were carried out targeting the application of the Dura-Slab in

Tadeno No.2 bridge located in Shimane prefecture.

2. DEVELOPMENT OF DURA-SLAB

After designing the main structural form of the slab,
overall slab performance including the panel joint was
verified with a real scale wheel load running test®. Thereafter,
the stud connection of the slab with steel plate girders was
investigated with a series of stud pushout tests?. It was
verified that the stud connection without additional
reinforcement around the slab-girder joint was possible to be

utilized. Additional experiments that were carried out

targeting the application of the Dura-Slab is explained next.

2.1 CONSTRUCTION AND LOAD TEST OF A REAL
SCALE MODEL BRIDGE
2.1.1 OBJECTIVES

A real scale model bridge was constructed at an entrance
to a pre-cast concrete factory to verify the constructability of
the Dura-Slab as well as structural performance.

Three major constructability related objectives were
investigated. First, the construction of precast slab panel joint.
The deck slab panel joint is only about 30 mm as shown in
Fig. 1. However, it is necessary to provide the longitudinal
tendon sheath couplers at each panel joint. Constructability
of the joint including the sheath coupler was investigated.
Second, Panel level adjustment method without deck
pentrating level adjustment bolts. And the third was the
mortar injection method to the slab-girder joint form the
bottom side of the slab as shown slab-girder joint in Fig. 1.

To confirm the structural safety, static load tests were
carried out just after construction and after putting the bridge
to service for 3 months. During the service, continous
monitoring of the structre was carried out targeting slab
deformation, strain and so on.

2.1.2 CONSTRUCTION OF THE MODEL BRIDGE

Model bridge dimensions are shown in Fig. 2. Typical
panel transvesrse tendons consisted of 4 AFRP rods with
diameter 7.4 mm. Each precast deck panel consisted of 6

transverse pre-tensioned AFRP tendons or equal. longitudinal
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Fig. 4. Construction of the model bridge

prestressing consisted of 14 tendons where each tendon
consisted of 9 AFRP rods with diameter 7.4 mm.
Construction method of the precast slab panel joint is
shown in Fig. 3. To make the longitudinal sheath joint, the
new panel should be placed on the girder and slide towards
the panel placed before. Studs are welded in advance to the
panel placement and the stud opening size was decided
considering the sliding length. Panel placement is shown in

Fig. 4.(a).
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Fig. 6. Loading locations in static load test

Contrary to the conventional method of providing slab
penetrating bolt holes, level adjustment of Dura-Slab was
done from bottom side of the slab utilzing plasitc plates.
Construction could be done without any major difficulties.

Mortar injection to the slab-girder joint is shown in Fig.
4.(b). It could be successfully done with a mortar injection
hand pump from bottom side of the slab. Completed model
bridge is shown in Fig. 4.(c).

2.1.3 STATIC LOAD TEST OF THE MODEL BRIDGE

Major structural measurement locations during the load
test are shown in Fig. 5. Measurements included vertical
displacement of middle steel girder (V1~V3), vertical
displacement of the slab at the center of the girders (V4~V9),
relative displacement of the deck slab and the steel griders in
the bridge axial direction(D1~D6), stud strain at the end of
the middle girder (S1~S4) and the longitudinal strains at
section A-A which includes the slab top surface strain (C1),
girder top and bottom flange strains(K1,K2).

Static load tests were carried out utilizing a 65 t rough
terrain crane (front wheel load 19,710 kg, rear wheel load
19,885 kg). During the service time of 3 months, the number

of vehicles pass across the model bridge was calculated to be
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Fig. 7. Static load test results (loading at span center)

1170 where most were dump trucks. The crane was placed in
the center line at the width of the bridge and in the
longitudinal direction, 10 loading points were defined based
on the rear wheel location of the crane in such a way to
include the top of the transverse rib, panel joint and normal
slab section as shown in Fig. 6. The behaviour of the bridge
during the static load test was estimated using three-
dimensional liner finite element analysis in advance.

The static load test results are shown in Fig. 7. when the
crane in the middle of the bridge span. The vertical
deformation of the slab matched the FEM analysis output as
shown in Fig. 7.(a). Moreover, the experimental difference of
the deformations before and after the model bridge was put
to use was not significant. The strain variation in the vertical
direction of section A-A is shown in Fig.7.(b). From
experimenal strain varitaion in the vertical direction, it can
be thought that the grider-slab system behaves as a composite
system. The strain variation was not significantly different
for two loading tests as well.

The girder-slab relative displacements measured by
D1~D6 and the stud strain in the second loading test is shown
in Fig. 8. The relative displacement affects the performance
of the girder-slab joint. The maximum relative displacement
was 0.13 mm at D5 while the maximum stud strain was 284
u. However, the relative displacment and stud yield strain
observed at the joint yeilding during the stud pushout
experiment® was 0.59 mm and 1,390 p respctively. With
saftety factor above 4.5 with respcitive to the relative

displacement and yield strain, the joint safety was considered
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Fig.9. Model bridge structural monitoring data

to be sufficient.

2.2 MODEL BRIDGE MONITORING

Continous measurements of all the installed senors was
done once every hour during the model bridge was in service.
The purpose of the monitoring was to observe whether any
unexpected, abnormal structrual behaviours occur during the
continous use.

Structural monitorng data of the model bridge is shown in
Fig. 9. The vertical displacement of the middle steel grider is
shown in Fig. 9.(a). The measurement is largely affected by
the ambiant temperature variation. Besides that, there was no

out of ordinary variations of the girder displacement. Stud
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strain variation is shown in Fig. 9.(b), at the initial stage an
increment of compressive strain was observed. This was
thought to be due to the effect of the plasitc plates used for
panel levelling as shown in Fig.10. Initially the dead load of
the deck is supported by the plastic plates, however, gradually
with the vehicular loading, the load might tranfer to joint
mortar excertin a compressive force on the studs. Both the
grider displacement and stud strain measurements variation
is

increased gradually, this was due to the gradual

temperature variation increment as shown in Fig. 9.(a).

23 REAL LENGTH TENDON INSERTION AND
CONSTRUCTION EXPERIMENT

Tadeno No.2 bridge, where the Dura-Slab was first applied,
is nearly a 100 m long bridge. One of the issues at the time
was the lack of experience of using aramid AFRP internal
tendons in a 100 m long structure. A 100 m long specimen
was created as shown in Fig. 11.(a) and experimented
targeting the tendon insertion, tensioning, and grouting.

The specimen was constructed using 2.4 m long blocks as
in the precast panel width of the actual bridge. In addition,
the horizontal curvature of the actual bridge was also
considered.

Longitudinal AFRP tendons consisted of 9 AFRP rods with
diameter 7.4 mm. As the 100 m long tendon was only 56.7kg
in total, insertion could be done with manpower as shown in

Fig. 11.(b).

Plastic plate

H Low shrinkage
for levelling

mortar

Fig.10. Slab panel levelling

_‘)i/

A gl

A FP tendon|
ENE 5

(a) 100 m long specimen

£
i“

() AFRP tendon insertion by manpower

Friction during the tensioning was not significant.
Therefore, tendon tensioning was carried out similar to an
external tendon based on the load and the tendon extension
length. Tendon tensioning is shown in Fig. 11.(c). Tensioned
tendon was kept a day in tensioned condition and de-
tensioned to observe the tendon condition. The tendons were
not damaged due to the friction or due to the horizontal
curvature of the specimen.

To facilitate the bond anchoring of tendons, a bond length
of 2 m from the slab end was sheath-free (Fig. 13.). High
strength mortar was injected at the bond length and normal
tendon-grout was injected in the rest. In the experiment, first
bond mortar was injected in the lower end of (lower height)
the specimen, then tendon grout was injected in middle and
finally mortar was injected at the second end. The inlet outlet
hose arrangement and mortar injection procedure at the last
end is shown in Fig. 12. The mortar injected in the middle
was flown to the bond segment as shown in top part of Fig.
12. When the mortar is injected, the weight of the out flowing
mortar was measured to verify that the grout is fully removed
from the duct. The specimen was cut in longitudinal direction
after strength gain to observe the injection condition. It was
observed that the grout has remained in the bond section.

Mortar and grout injection was improved as in Fig. 13.
First, tendon was inserted, and temporary anchor used for
tensioning was attached. Then, tensioning was carried out.
As in step 2, a mortar barrier was created with high viscous
mortar. And then, high strength low shrinkage mortar was
injected into the bond zone followed by normal grout
injection to the opposite side. After leaving for enough time
to gain the mortar strength, the excess AFRP was cut off and

the temporary anchor was removed as shown in step 4.

: & |
(c) Tendon tensioning

Fig. 11. 100m long tendon insertion, grouting, and tensioning experiment
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3. CONCLUSIONS

Targeting a lower lifecycle cost by reduced maintenance,
Ultra-high durable deck slab was developed. In addition to
the major structural development, additional experiments
were conducted targeting the application of the structure in a
real highway bridge.

A model bridge was constructed to investigate the
constructability of the dura-slab. Construction of the deck
panel joint was successfully done by panel sliding after
placing on the girder to make the longitudinal sheath
coupling. Panel levelling was done with plastic plates put on
the steel girder. finally, the high strength low shrinkage
mortar injection for the girder-slab joint could be completed
adequately.

To investigate the structural performance of the model
bridge, two static load tests were carried out just after
construction and after using the bridge for 3 months. The

difference of slab deformations and strains before and after

did not differ confirming the sound structural performance.
Continuous monitoring was carried out of the model bridge
during the service. Monitoring data including girder
deformation and stud strain was largely affected by the
ambient temperature. However, no abnormal structural
phenomenon was observed.

A real scale longitudinal tendon insertion, tensioning, and
grouting experiment were carried out. Tendons did not
damage during construction. Mortar and grout injection
method was improved based on the experimental
observations.

Based on the experimental results, Dura-Slab was applied
in Tadeno No.2 bridge successfully and in service from
November 2021.

Acknowledgement: The development of Ultra-high durable
slab (Dura-Slab) was carried out as a joint research between
NEXCO west and Sumitomo Mitsui Construction Co., Ltd.
Authors express their sincere gratitude to everyone who

supported in the development.
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Three unbonded precast prestressed concrete beams whose parameter was widened beam end length were

< THE

constructed and tested. A hinge relocation beam that generates a plastic hinge at the tip of the widened part,
not at the end of the beam, was used. By securing the development length of the longitudinal rebar into the
widened part, the damage of the widened part was suppressed, and the beam member had excellent
deformation performance even if the flexural capacity ratio was close to 1.

Key Words: Unbonded, Hinge-relocation, Development length, Assembled, Flexural capacity ratio
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A Series of Structural Experiments on the Application of Ultra-low Shrinkage
and High Strength Concrete without Portland Cement to Unbonded PCaPC Structures
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Four types of structural experiments were conducted assuming a frame with columns and beams in the
ridge direction made of unbonded PC and beams in the other direction made of steel. The parameters of
each experiment were concrete materials, and two types were used: ultra-low shrinkage and high strength
concrete without portland cement, and high strength concrete using cement with similar compressive
strength . Through a series of structural experiments, it was confirmed that the initial stiffness and

maximum strength can be evaluated using the conventional evaluation methods by considering the

difference in Young's modulus and compressive strength of each concrete material.

Key Words: Unbonded, Precast, Assembled, Steel fiber, Crack, Column-beam joint

1. [FL®HIC

7 VAR R PC HEEIL, BWETTMEIC KV HUERF O
MOBEEZRKEMFEITE, BHOEHFEMLIZET D
EBRTELHMETH D, TR, BREEAMIREICE
LT, YLX ¥ RAMBMEY 2 —RFT5H5ZLICLD
CO HEH B OHI b FIRETH D, 7Ry R PC Mk

SHBERSND E-DILLN, HET AR R PCHHE

& LTS M ORI EITITE A LR,
Fo, EBELDEIARVET U REA N (LUF, &2
vk ERT) EBEHEALAWVEFICEW TS RIS AT R R

KIAE - @sE=a 27 V—h (BUF, ¥AT 47V —

7 VR RPCR

HER
7 Ry FPCZ |
‘ AT AT
7 VR FPCHE Lﬂﬁzﬁﬁlﬂ

B-1 fET 25448

13



SHERER IR HE 5205
#£-1 STC-RDC D EH#RE
BN R (kg/m?)
W/B B
% *1 >3
(%) w BEAA A SF X FNS HG PP sf’
15 130 867 466 254 127 20 909 526 3 80
ZZT, W:JK, B:iRFfIAl, BF4A : BIF ATV, FA: 7947 v = (IfE), SF: v U H 72—, EX: BEM, FNS: M5

(F=w=y T NATT), HEH (BEDERR),

K1RFEAETRA

HG :

®-2 e T

PP : RV 71 v L ki,

st : S

-3 PP ikiERE T

Ex [ERES 5| R i s EX [ER2S 5| R R i
e [mm] [mm] [N/mm?] it [mm] [pm] [cN/dtex]
A 30 0.62 1,080 PP e 2 18 2.6~3.5
-4 ABRAE—E (T HEEEHIER)
. Y uh A
T i =3 7 S Bea
— b | (mm) | @ | 0N P ) | R | N § o | %ﬁ%’ﬁﬁ%
T-c CON 470 185 250 215
STC- | % ¢61-9 8-D13 2@?8 x ¢22-3 4-D10 @2@ Po?) D11-3 2@_91538
£-5 a7 VU—hrEEAXNVOMEEBER (TRBEEHER)
2B LU HH#iE L& v
Mokt JEAE Yo LEZEID JE A Y7 HIAG R
Fapi O £ o R ¥k R
(N/mm?) (N/mm?) (N/mm?) (N/mm?) (N/mm?) (N/mm?)
CON 60.6 35,000 3.70 119 35,700 5.05
STC-RDC 77.4 48,500 5.08 120 37,600 5.70

MEZIZSTC &3 7) DO EZED TWD, STCIFIN
M- 7V —7ORKRLLIZBHKEZEOTIEEZHN
12, BNLKE A MERE L BB E 95 AT
BER® D, ZOKBEEMEOETICLVEESNDH
CEDHERIZHONWTIE, 7xu=v LV RAT THIEH
(FNS) %0 H IR R O SO E M 2 AT 5
ZETHRIELTND, AREICBWTIE, STCO S bt
AV bhEHFEHALRVFHAEGD 227 Y — K (STC-RDC)
DT VAR R PC KEE~OMHAMEIZOWT, JERERE N
FREOE A NEFHALE RN 2EREa 7 U —
F (LLF, CON LFd) &#k UG Lz, #iERo
COHEHEN— D27V — MZEART30% & 70
STC-RDC %7 A RPCHEE~EHA L, S HICHM %
Voa—2F252 LT, BYERNIANSTA 7 AT v
FTO COHEHEITIRIBICHI S ND Z L2725,
ﬁ@@ﬁkbf,ﬁkivmﬁﬁﬁ@W%YVﬁ
v R PC i, REAHMOREHEEL L4 (B-1)
EROE LT A O E R A FEhE L=, OT S
EREBR (HiAT M), @QFFFHLAEER (Wit m), GL
TEH G I CRMTM), @PC Himgbricy 2 48E L7z
BEBR (HifTJdim) Z23FhE Lz, FEBRONRT A —H (%
av 7 U— e L, CON & STC-RDC @ 2 fifH & L

14

2. 2B, HFBEERRBREONRIL 12 THD, STC-
RDC OB R & -1 12, STC-RDC IZf 1 L 7= fkift >
ForER-2 B IOR-3IIRT,

(1) EEiE

HERASE

R E—EaeR-4 12, RBBERER-2 IcE2nEh
T, RBRIARIE, AEAZIZH LT 90mm @ LTCWVWA T
AW TH L, MBI L bICHims L OWRIEE—
Thr0, a7V —MIULT-cIZIZCONEZHEHL, T
s IZ1X STC-RDC #fEH L7z, R—HRDE S 20mm D
H I I T Z L& TR L2121, PC S TR D

Wi EAMmE L CREHZEEEA Lz, LR

a)

DEAEFRICIE, PC éﬂi‘ﬁﬁfi%ﬁﬁ@‘mﬂ%%%t)ﬂ& LT,
T AL EICEEA T 2 | ARE U, HEA A R

ka%bky~1ﬁﬁuﬁpb,V~XﬁW&Hﬁ%ﬁ
UIINAEE L Z NV CRIFFICTEIE Lz, Fi2, HDAISLE
RS EER O Y L — b 2RI EE L, H
BV D E R AR A ENICEE LT,

M B ARIRE D PC #filE | KLV OF T LA LR



BRIV T2 R AL D&M LAWK - @mREa 27 ) — DT AR R PCaPC #E ~ 0w I [ 1) 7z —# O i 1E E5R

K6 HIM OB (TS HMER)

e (3N 51k Yo o
E s fiiiks I i E3

& (N/mm?) (N/mm?) (N/mm?) (%)
D13 SD345 379 557 186,300 20 M/
DI13 SD295 354 492 182,800 23 Boh
D10 SD345 383 545 190,700 23 s

D6 SD295 364* 532 186,200 20 Wi, HIEom
$19 SBPR930/1080 1,012% 1,142 205,400 15 FEA PC S
#23 SBPR930/1080 1,040 1,150 195,700 13 Z:H PC Hike
=12 SN400B 289 428 203,000 46 PE 7TV
=9 SN400B 304 434 204,000 42 e
=9 SN400B 346 447 210,000 43 BRE SEMR

02%A 7w M

470

20 ‘ 250 200‘

1250

1250

HIESH |
SPPCEAE (15 E EVP40)

I VRITRE
c{ i
= _| 1

BEwH

— &
MNAELER 5 1 r%?oﬁoomzxzs
00| 1 ||©
- - T/
il f BEH
e
— ::%: ~ FEPCSTE
| (18 EEVP30)
D) _44L7 @
-
NAELE i apgIL—k
|| T
—_LILIEE

| T

AR A

1650

&

B

S
80,

-2 BB (HAL © mm)

J1 Pe CE¥IME) 1%, % 0.70T,, %% 0.56T, (Tpy:
PC SHEEHIAE IR /1) & Lz, VAR LA L~Ly,
IR 0.12, #2008 THDH, 27 U —FBILUOE
Ju BV OREFERBRGE R AR5 12, SR OB R
ZFK-6 |Z77T, CON (ZH~T STC-RDC O FEHMEIREL 1T
1.28 f%, Yo 748 ¥ux 139 ffTh-7-, 7=, STC-
RDC |Z1% 1 TIZFCH D PP ik & Sk 2 B A L=,

b) BEHE

AT E A2 R-3 [T, i AEE, RBREo BT
RS, Rl cre—7 XL L, ok 2
BOMET Y v¥ (UxyvFnez@iilcabtiz) Ik
DRSS AR B 2, EARREOMY K LT & L
oo 2B, HRAWMNOK NP ROES & LTHERT
728, BIZHIERANELCRNE 512, BOMEHRTICH
BLEYYy XL, JEMMAE 22RO HO Y v
Y FDHPMEET D K O EARERITEID AR T, #iff

< weome | °
@ 5}
] e g
BT
AR
Vv vF Uy v F ||
O T |

b Hu U"llﬂ In Hul II "I Iﬂ IH

ol Tl

=X, ot B D KL 5% G B AT R E TO
FEME H TBRU CTROZEEM RIZEY, R=11/3200,
1/1600rad % % 1 %A 7 /L, +1/800, 1/400, 1/200,
17100, 1/75, 1/50, 1/33, 1/25rad &4 2441 7 & LIz,

15



S ER BRI ZCR Y 520 &
F=-1 FHEMERLOERME—E (TEEAHER)
FHEAE SEBRAE [ Anf R/ 2 nr 167
Z i . MR A 2 (R=1/33rad )
AR \ i P e R | i o [T | T EAME| A A [ ,
12 pC gt | T gy | TR e , SRR
ot | R PC I iy | e [POSMIN™ gy | WP i o iy et i | s |PC 9D
Obmu Xp Omu Viu Vi Obmu|  Xn
W) | mm) | D Ny @ Qom0 |y | 7 [y | mmy | N
. ks 217
=i
OHE 115 57 T 017 1.24 434 2.19 162 4% 280/283
T-c F 235 143 932 1-160| O | T 370/392
7\ *2
O 122 61 T 235 1.17 470 2.02
. ¥ 217
3
OHizE 119 45 FH 217 1.29 434 2.60 174 ¥ 300/318
T-s - 153 1,130 4632 | M
@ 3 | s | B2 115 496 |28 [ [ 4287432
Tl 248 ' ’

X1 LU O MR E N 07T ARK VW T PCHIRRIE I 2 5H 5 %2 LUT OSREAT B O A VIV C PCEiFR IR 14 0y 2 315 %3

BAMHLEIE X4 BITREE L T 5,

(4.9x10%)

1)

H = T O A - Ag, = 98-

Ac, « W #E R ST 0D PC B IS )85y (N/mmz)c, Fo: a7 ) — MG EHEmE (N/mm?),
Py : PCHEE (P=aper/(bdys)) , apes = 515 PC HIMWTHEIRE (mm?), b :

Zebd, HEWE (mm), d, :

SR PCHIME 2 KDIES O L LTz,

4.9%10°
( & )y

HiEETT B DY A« Ag, = 196-

A, FEEV (mm)

LOKN) 200 - LOKN) 200 £-8 WIHIRIME: O g
o (T O B )
cgbmul SS===s==s===cr g ;/@7_/:::: cgbmul—:::::::::::: . %ﬁgﬁﬁg %%1@ %‘I‘%{E %gﬁ{ﬁ
eLbmal ' £ A | (kKN/mm) | (kKN/mm) | /35
T-c 24.3 23.6 1.03
| /—— R L R /R ) T-s 333 34.7 0.96
¢ D 10 20 30 4050 -50 -40 -30 -20 10 20 30 40 50
I R(* 103rad) R(* 10-rad)
[aaruTEn
2l OEAHMEANMUVUE NN A 447/ 1/
(] omizanaeni A CQ’”””I_———— ————————————— 0,19, |Oc
OREEEIESR chmuZ P =
[ xgxuE 06 /

(a) T-c

(2) REKER
a) ME-—EMABRRLEEGERKR

HEMES JOERE-Ee2R-T 12, HEABS 0—
EIEA R BEREZE-4 12, REBEERNAEBTE-1 12577,
U2 2 380 O Gl T R AW ) o R AR
(cObmut, Obmu2) B HEHR TR U720 cObmn 1X PC HlAED IR S
55 % HE A B H O AR 2 W72 T ), cQomae 13
SNEfFTE A O AKX E AV AR EECH D D,
F 7, X0 G EREE R R I L OGN R
EZ TR WORTORERERLTWDS, B-4 L0,

16

“M""'\--
T, PRI, S MR
W2 LD R OEN, &, GeiliF A
R DA R OEN, 5, HEAEHEA
W I & DT RO BN (BEAERD
B AMTZET AT ZE AL F 7 B B )

T

-5 G D B H 7

(b) T-s

WRRBRA & b IS FUSTR M oA AW — BB A IR T
BV, T-s ODFBLVERBERRN/NED o7z, WThoO
RBREICBWTY, T OOER & B OB 23 4
U712, #EAEHOEAMOOEIL L, RO /E T
DEENECT, LrL, FEPRON-HBEIT L
H1, T-s Tix R=—1/33rad {2, T-c TlX R=%1/25rad
HEIZZ D PCHIREA AR LTz, R=%1/25rad }& T#I1L, T-
¢ TIXEEIC X 2R OBED T-s ICHARTREL,
HZEGHOOPENAK L Lo b DD, WThd
AERIKIZBW T LR OBEROCEINIEITR K TS



BRIV NT 2 R AL DEMT LAWK - @REa 27 ) — DT AR R PCaPC #E ~Du AT [ 1) 7z —# O R & E 5

#-9 HBAE—E (TEEBHEER)
Btk | 2 &
AF | U—h ﬁg %% &5%)%mmx 5
Col-c CON 470 185
Col-s ;"f)(jc. 3>3<() 6-019 186 8-D13 2-D6@50

! @ @ @

S ssssasaasasacans s=: e . ° 2

| 20 F’l@ﬂ&ﬂ%
2150 | 245 | 470

H-6 FBRATIR EELH (AL : mm)

0.06 mm &/ otz ZHUE, FEICEAIREZS LR
L A&, Ts TIHBHEORBEIZLIL2bDEEZBND,
b) #IEARIME

R=71/800rad |23 1F 2 MisABRIK DO FIHMINE & 4 F&-8 12,
OB M ITEER-b R T, WIHIEINE O EREIEL T-c XV
Y T-s OFN 137 fF@En-7203, Zhld CON Lh b
STC-RDC O Y > 7R E W= EEXLND, BB
F OO ITEE & Ao WA 258 L -9
WYL D G 1R 1 FE R & ik —E L7,

c) FTEEEEREDLLE

£-T OFEBREIX R=1/33rad FEIZK T D HEE AW I CTH
0, T-s DFNRKRENo72, ZhE, T-s DIFNROHAT
RS DN, ISR R Lz Z LTk,
PC MBENINKRE ool tELBND, TILlhE
SN E Mo 72D, STC-RDC (F CONIZHERTa v 7
U— MEEL YU 7 REBPREN &0 D, Wi iEH
OAFEBER LV /NS WHIFAThHoTmeb B2 b b,
=07, GRHh KR 0 B R X SRR A A NETAf LT
B, ZIVUIMERERTH > THMAKXSN PC kD
By EE/NMME L= itk b EEXLND,

(3) £&H

T AR R PCaPC i&ED T AEGLEE A O S 32
B Sk Uiz, A AW — 2 A BRIR R R A &
20, A, BLBICT VRV R PCEM & LIRS
T, BENREFITNSWZ ERHELNE -T2, F
72, MR AND 2 L2k - T, EniciEEEmEITE
LI ENbNroT,

INERENERINANEREN|
~ T .
—:ﬁbﬂﬁ EhnS A (— &) :—
7 .—Hr-— e ‘,qu = 6 3
fa]_h. Fﬂm@q ﬁ: ! -
L = -
= FRER R S ol
_ E: -
_ aalllaa I -
AR T
aladia ls ooy
[TITI & |reys [T

-7 e (B 0 mm)

3. AHLIERER

(1) EEEE
a) HERAME

R E—E2R-9 12, RBEERER-6 (22N
AT, WRBRR & BT R L OTRRIEFE—Th 203
Col-c 121X CON #fi i L, Col-s (21X STC-RDC Z{Ef L
Tre AX 7 —FEHOEE 20mm O H #HZ EEIHE T L 2 L
ZATRR L7212, PC SFE GRS L VA & 7 uail
EEAME UCESSES Lz, Mo ESTITRBRIA
a2 7 U — MTERRFICHEDZ LTz, PC 8D E 5 i
L 3480mm TH 5,

HATBALARFD PC 8l | KBV OHFH T LA ML R
71 Pe CEYIE) 1X0.66Tyy (Tpy : PC ERBERLKE BRI 1)
EL, PLVARLALULg, L0113 THDH, D LE
WCRRE LYy o RIS X ORI ZE AL, %
AEBRIA L B 74N O—EH ) & Uiz, #h7jtbgy iX Col-c
T 0.007, Col-s T 0.006 THDH7=, #i/jtbs 712 b
L A L~UL DO FAE Col-c T0.120, Col-s T0.119 TH 5,
a7 ) — B EXOEALZ LOMEEERE R 2 R-10 |2,
SR DR BB B A R-1112”RT, STC-RDC 213 1%
I\ZFRH D PPk & BRigRME A IR A L7Z, CONIZIE~TST
C-RDC OJEMETREIL 1.18 15, Yo 7RI 14115 TH
ST,

b) HEHE
WwELR-T (Zrd, KIOKRDO BICEELZar
V—hr7my 70 RIC BEEREL, 202U — 7
0y 7 &S LTAX T % RKIPRICEE Uiz, ATk
EEBICERE LTZhE Y v v R Ic X v L2, BRI
RE LYY v RICL W EESRIIKEDE 52, EAK
FOMY K U A2 T LT, #ATL— ik, iAo

17



S E AR BT IR S S

%205

=-10 27 V= b BIOEALZIVOMBERBRRER (FF HHER)

53 Htie 1 20
ok JE A Yo7 B0 R Yo TS
Eris R E SR R E R
(N/mm?) (N/mm?) (N/mm?) (N/mm?) (N/mm?) (N/mm?)
CON 69.3 34,700 3.91 122 37,500 6.18
STC-RDC 81.8 48,900 4.18 123 37,000 7.75
=11 BB OB EIERBRFE R (W FF HHEER)
52N g1k YU o
7t SR TR TR 1R i T
(N/mm?) (N/mm?) (N/mm?) (%)
DI3 SD345 379 557 186,300 20 ESi]
D6 SD295 364 532 186,200 20 i
$19 SBPR930/1080 1,011% 1,137 200,100 14 PC #ilt
¥0.2%A4 7% > Mt
£-12 FHEMB LOERE—E (FRDHEER)
SR EBAE (R=1/33rad HF) KRR / 3
! [ s A e B AT PR [ A7 H/ 2 AT B )
AR | #ORR | s GG i T ST GG i i
TR it 73 TS PC $tEIE ) it 73 X PC fil k7
calYmu Xn mu Xn
(ﬂ%) o (KN/A) (%\]) ) (KN/A)
Col-c Q.= 76 73 179 91/-100 [ 51/45 254 /253 1.20/1.32
Col-s Q= 82 61 190 99/-103 | 40/42 257 /256 1.21/1.26

X1 ERTEAT EH OPTAE DT PC SRR T 4y & G

IRVEENL S A B 7 L Hfifr £ CTOMERE 7 CBRL
THROFELEFMA RICLY, R=%1/3200, 1/1600rad % 45
1 %A 7L, £1/800, 1/400, 1/200, 1/100, 1/75, 1/50,
1/33, 1/25, 1/20rad &2 Y%A 7 v & LT,

(2) EEB#HER
a) BREARAD—ERABERLEBERR

ARERLUERME—EE2R-12 1, FEEAW 0—
LA R BAKREE-8 I, W%EB'Z%WR%E}E' -2 1T,
Bk, PC SHBRO RIS Z$nE AT EA O ARK 2
TR L7l T 13RS carOmu ZRERR TR LT
W5, B-8 kv, miEBRE e bICHEEANT) - ERA
BEIMRITF AR ML & 720, Col-s DEF N LV ERFEEEN
INEoTe, WTNOREBRIEIZIENT S, A OB
T OOEINAAE U221, FERIES oo FEM I C Rt E
ERA U, Lovl, MaBRE L bICEER b2k
HIFEIT R L, R=%1/25rad FFIZ PCEMENS IR L 7=,
R==%1/20rad #& T #1%, Col-c TIZEEEIC & 24 DHEE
M Col-s IZHERTKRKE L, ODVENAEKLEN-T2H D
D, WTFNORBRIKIZIN TS BRAE OFRFE O OELE
TR K TH 0.03mm E/NIholz, T, FECT LA
MUABASTNDZ & &, Col-s TITMHEDREIZ X
HbDEEZLND,
b) #EARIME

JRRD>6 R=2+1/800rad F T HIWIMIM: k & L TFR-13
IR L, ZORMTFEZE-9 R T, PRI ER

18

flilE Col-c XV % Col-s DEM 134 f5@m-7=m, Zi
% CON LY % STC-RDC DY > VRN Em\ = & &
2 HND, FEOWAWERZ AR L= w1 RINE O H
VX RRBR IR Tl — % L 72,
c) HMIFT N DEENE & REBREDELE

£-12 OFEBREIT R=1/33rad BB T 20K
THV, Col-s DIFNKEN-7-, ZE, Col-s DN
PNTERE S AN E L, RSP ORI R LIz Z LI
Mz, PC HRENINKRENoTmTOEEZLND, HF
SEHRVE S 3/NE Dy o 72 D1E, STC-RDC 1% CON (T T
a7 Y — MREL VYU IERENBRENT &G, Wik
FEEMOBHEREA LD/ NSWEHETH o L E X
bID, —J7, FE#ITEIR AL R A& 8N
L TWD2, ZHEMEmEROARNTH-TH
PC ORI A/ NI L2 itk b b L&
bbb,

(3) £&®

7 VAR N PCaPC &ED F#f HHE D iyl R %
M U7e, FER AW — A AR SRR L 72D,
BEN NS ERHLMNERoTE, £, #HiMEE AN
2Z2LICEoT, SHIKBEEBEMBITEDLZ ENbro
7=



ARV b T v KA N LRWBIKIHE

R 7 U — hDT R R PCaPC &~ I [ 1) 72— O R & B

oRN) okN) F=-13 WIHIEIPE O L
(A FFHHEFER)
Y N RV 80. k- B 86~ ’/:fijfl/‘i--- B | EBE | FHAM | FZErE
- A | (kN/mm) | (kN/mm) | /G FLAE
40 40 Colc | 127 14.7 0.86
L ow o v o e oy T [ 17.0 20.8 0.82
_60-50-40-30-20-0 10 20£(0X4{)0_53(I)_a%(; b 10 201?(0><4(1)0§3(;'a6do) 4(5_’
ORER A o -
- oEIFOUER AT ,
CEEA
ABRAWE
(a) Col-c (b) Col-s o
X-8 & AW ) — 25 4 BEfR
5= QH*/(3ED)

k=Q/R=0Q/(6/H)

ZIC, Q: WAWE, 6 T
\Z L DA RDOEN, R: EFA, H:
A BT B DA R E TOEME, E
a7 V= B RT 47—
b o TAREL, 1 R O Wik IR
ETE—A b

-9 AL D B H 7

I 445
T T T T T T T T T T T T T T
A-A'
A L
— af 7 L— b PL6) —
=} o
TE
BHIBQI BH-320x90x9x12_(SN40OB) / hAE Ui 5-DI3(SD345) g8
57 B JL7EE ##5 2-D6825 (SD295)
41w fi . i
I 5 _2-D6850 (50295) /|41 i S
o] [e][o E78-013 (50345) /| il
+ - i
Blol AT
%? f_zi f? %% PC8#46- 19 (SBPR930,/1080)
P T BT
K-10 FRER{EFR (BAL © mm)
4. L ESEIRER DTV RHZEEE Lz, $EROMERESHEAN~DE

(1) EEREtE

a) HERAEE

RER AR 2 R-10 12, RBIEHEKER-14 (RT,
HREBREIIMR % 12 & L7 Ry K PCH L SBRT
RERR & 72 2T RN SEA TR O L T2 A0 4 2848 2 1K
ThY, HBIOZRoWmL XOBRIT 2K E bIET
BHhH, FITIE PCHIMTT LA RLAZEAL, 1 AY
720 174kN  (BURSFEIRTI 100 0.66fi3) & BB AR L L
7o PC BIHEOMERE FIZIT B A & LT 6mm

BHREIIX 420mm THDH, HRESH B E T/ L2
EE, EEHEZROLTY T UV EICRY FT bR
7L — MIEBEIY, EfHO%HICE L selE s
S IVREBE BT L — FEEE L, RS
B EERICIE, XEBRHOTZDONA S Lih%E, Mk
DOEDFIMNZ 2K, FHFEIC 3 ARRE L, 85820
U= TICEHBLE R T, OIS N ORI
WA EBESE, B-10 2R L5220 —=Y% 7
VTEBEICL VA Lz, BBRIKD T 2 —41%, HiC
R+ 2227 U—k& L, #BRIRL-clZlX CON %,

19



SIHEACEBRBAIIER S 5 20 5

#-14 HBpE—E (LEEAHER) £-16 =7 U — FOMEERBER (LBHESHER)
PR A B L-c L-s FEAR [EEIEE it
27—k CON STC-RDC B R EE CEE 23K
cjl)?[(mm]) ‘3‘;8 [N/mm?] [N/mm?] [N/mm?]
o mm
LA 6-19¢(SBPR930/1080) L-c 66.5 3.69 36,000
2o [%] 1.10 L-s 82.9 4.32 49,300
7R PC HEER % 6 x 174
R E2il %) #E 71 [kN]
PCHE ;é%iim 6x171 6x172 . 5 e
— =17 WAGHRME % (LIBHESHER)
v ﬁﬂ)ib 8-D13(SD345) “ 7 L ke
péa[ﬁ’/fg] 2 Ds@%g(ssm%) % 0 A B4 iy D | AT
A o e ¢ /Osu /Osu Omu O
D [%] 0.27 " " JOsu/ Qu K 00/ Qua K K
\ i o i 7x2-D6(SD295) [kN] | [KN] [kN] [kN]_| [KN]
FE s e [%] 04 Lc[148 [ 254 1.72 | 163 1.10 338 292
A P f‘* . . D13'8D345 L-s | 148 | 265 1.79 188 1.27 352 323
E #% -D13( ) ZIT, Qi RORMYEMIIFE— AL NRFRERE AW, Qs BE
e il H-320x90x9x12 A DM AT, Oy : KERBE O O RIR K E 7,
FE SN4008 O+ KEOUT RIS, 0, 1 FEDHE AMTHE I )

ZZC, B AEEE, D R, g, FEPCHIME, p, : AEERBLE,

D W, p, o BERHERAG L < ERME
=-15 8K - S OB BB IR (L BB ESR)

i - FikE th o & o I £

ER ERAT [N/mm?] [u] [N/mm?] [%] [N/mm?]
D13 SD345 R 379 2,201 557 20.1 186,000
D13 SD345 N E LI 382 2,324 548 21.1 187,000
D6* SD295 Gidii 364 3,972 532 19.7 186,000
P19* SBPR930/1080 PC it 1,011 6,926 1,137 13.6 200,000
=12 SN400B 750 289 1,710 428 46.2 203,000
=9 SN400B = 304 2,006 434 423 204,000
=9 SN400B STER 346 1,640 447 42.8 210,000

oyt BRI, & BIROT 72, o, BIIRTREE, 6, MUY, E: 8MERE, ¢ JES *02%A4 7 &y MEICED

EsMaRAE BRZRAR=d/h
1000kNS+ ) X P
Ol OI= e
=] E N e
HIFE—X> hE ¢ \ ey Boh
e 1
8| | TITILT "
b ” T “ T T H T W T H T H T T T " nz|
l
A
600 4900

-1 n%&E (HAL : mm)

L-s {21 STC-RDC # vy, CON, STC-RDC & & IZHLF
M OFARPIRIL 13mm & L7z, STC-RDC 21 1 EIZF
oo PP #EME & SRRAE A TR L7, PC 8RR, SHES, 86075,
BLO=v 7 ) — roMEERBEREENLENER-15 B
L OFK-16 1T,

b) MAAE

INAEEE 211 (IR T, 3 B YT — A U ICKER
HE 5252 & THERICHESmOEAW ) Z AT,
MATEMERA R (=HKEEN 4/ O K il R
mE h) THIET 2 EARERVE LN THY, L F

20

OB L 2 FmaEEMS, B FmEamhe L,
ZOMAERDOEE, A AW 145y Ofih A2 AR+
%o MJ1% A 7 AlE, R==*1/3200rad, *1/1600rad %
% 1 8], R==*1/800, *+1/400, +1/200, *=1/100, =+
1/75, *£1/50, *£1/33, *+1/25rad %4 2[A& L7z,

c) HERIADM A

it R — B 2 R-17 1R, RROHEMEIL, X
PRDONCESEEH L, A DICHRE L=, £
BEEEIZOVWTIE, PCHMICL AT LA ML RIZLD
EREZBEET, RCHLEFROFERHESBICKTT 2



BNV RT v REAL N/ LZRWEBIRIE - @iRE 2 Y — D7 R N PCaPC &~ i M )1 7o —H O R 1E 28k

300

LSBT 4> hQ,
v(EHEE) 200

+Qpp=+195[kN]

z
=,
OL> ]
RO0. 0.04
e
2 - e
EUI —L-c
.ﬁi 'Qmax='214[kN] o VUEIh

-300 A TS UTKRIK

X mARE
BREIZERA R(rad] | £t
(a) L-c

300
SWMET—AL FQ, +Qypay=+193[kN]
v (E5E) 200 ~
-0.04 0.04
N = o VUElh
Q= 223UNT 5 s 222 IHh
X Ex XAl
BRIZERA R [rad] o 224
(b) L-s

B-12 4t A5 ) — T 25 7 40 [

(a) L-c

BEHE-3 IRk

IR AW T3 KL ORIB RN 2715 L, &-17
ORI &I, BRI RITRERETNTH
60

(2) ERER

a) BEAMN-—BRZERARGRS L TEERKR

FER AW O —BRIZEIE A RBEGREZE-12 12, ERK
THOBERNEZBEE-3 1277, RPOOEIGIT
FEOHFORENELIZRZDOT T o PnbROICAED
FOVENROWT AR RICEE LR THE, BE-
3 IIHREAIOAORERN AR L TEY, REMNZR
OB FE A BT % TRIEAR CA TWD, L, Ls& b
IR FEER O AW — AR ARG L 2otz #E
DT OOEIN A R=—1/100rad ITETRAEL, BT 7
VIUDHBEDIZHM DL OTE NN Lc TIE R=+
1/100rad T, L-s Ti% R=+1/50rad THAEL7=, FEMAH
B i F O OEILIE, L-c Tid R=+1/25rad THRAEL,
L-s CidfER SN2 no72, Lc, L-s L HICRT T Y
2 R=%1/75rad 5 THRAR L, #RA ICHIMEAME T L7z b
OO, MHIMEFIE R=+1/25rad E TR LN o7, F
BICB T DKL, WThoRERE S 28T — 2
v hNEHREZE BRI DR Lo, REBRTIE, Bos

APEE— R 2 BT H A THIR B A E O & TR I ISR 03
bolziz®d, BELLBREMBRERH B2 N5,
BEORENEIL, &Y A4 2708V T L TiX
0.06mm LA FTH-7=DIZx L, L-s TIZEMRETITITEA
CHERTE e o7,

b) PC DR S

KHA 7NV E— T REOR PC SABROE I OHER %
E-13 (R, BAESITIE, BB I OEMOZhE
L2 ARD PC iR O T EEER L7z, L-c, L-s &
H1Z, BN BI8RM & 72 2 B> PC SRERDIRIE
A, PRI TEHTFRE -7,

(8) £&0

TR RPCHESERICLD LBEAHOM)FE
BrZ £ L=, BREMRE L OBERRICONT, v
7V — FOE WL HEBIIR LN 5T,

21



SRR 20 B
20 oL 20 r —--L-c
— 15 r --L-s . 15 o L-s
3 10 | < 10 |
E 1 1 ] E L 1 1 O 1 1 ]
ﬁ-o.oe -0.04 -0.02 ¢ Mdf 0.06 ﬁ-o.oe -0.04 -0.03% 0 0.02 0.04 0.06
= PCHR#% = L PCHi##
& 10 = & -10
o -15*@‘00 o 15 | ﬁ%‘%é@do.
-20 ®@ O O 20 0O o0 e
BEZRA Rlrad] =¥ & BELRE Rlrad) ® B
(a) HMHI PC #iA%E (b) V1R PC ke
K-13 # PC &i#E Do J1H# 45 D25 W)
—
#&Aﬂﬁ
VAT 429 —RH#1035
ELZIVFEHAY Y & a h—R (51230mm) ﬁ
i peen newee -
0 - 200 “
3700 . -
B-14 HBEmwk (RAL : mm) B =
5. PCSMEREMTRS £ 8 L -2 E8 E - |
(1) %ﬁ%‘l’@ E 1000kN < v v 3 Z
a) HRERKHE B x—m - |
BTN A E-14 10, REBREE2R-18 17T, = -
L 24 D AR (t=22mm) -
WNDOT R K PC fﬂﬁ'ﬁ\ﬁﬂﬂﬁbf_,ﬂ( EAFEE LT, e ojﬁaﬁllzv’;\jl:l‘/ﬁ)\ 1
PC 4 » Lo PR L z57 (D E 5 aitin x:j
Hjif BT 5O BB ik & B AE prmd 22
o MRILL2THE. PCRHBEIEORBALILA IR . e v 1 AN
LT, Bl & A¥ 7 ORNZHEES %2 Wik P ho v — -
ZENICEE L, v—RAENE B2 EIEE L Z L 510 -\;{;Diﬁ(:ﬁi%%)
CIRIMHC S Lz, BRIE O BRI RER-19 10, = e
. oy B A4 B B-c B-s
V7 U — FBIXREALZLOMEBIERERE R A2 R-20 IT5
s _ IR e g 27 U— b CON STC-RDC
T, 72, STC-RDC (213 1 T e O HfkHE & PP ki B[mm] 250
ZIRA LT, »D (mm) 350
b) mMAKE I(mm) 2,100
AL 2 B-15 7T, PCAHIM ARITIG |2  if & & A PC i1 L
CX B L EMRT B0, BAR 2 SIS - Eﬂ[’f] 4"’13(2”45)
V| - s s - i [% .
A BRI L7, %®i%biﬁ@m%m& L, 1 ] ] 2-D6@100(SD295)
dEZzEEe—7—& Lz, MAZ T b EFEE BT bR P [%] 0.25
THARIAR, RAARICEE LT, $EEAZ T DR i oA D13(SD295)
\CJE & 22mm DM 2 HAFA L, P2 Z 7o Tt B LA & 8d
PO Y —AZBAT LT 702 % 2HEFALT SIT B R, WD REVY, 1 RASY, yp, 0 R PC
KT D LS5 L, Mk, po: BRI, . 0 BIEOFL, d: ST OAFRE

22



BRIV NT 2 R AL DEMT LAWK - @REa 27 ) — DT AR R PCaPC #E ~Du AT [ 1) 7z —# O R & E 5

R-19 B O ERABRGE R (BIFEHR) ®-20 =27 U — MRRUBRGER (B2EER)

w | fef o & o J, E, JEAE B LID L
£ A = %
AL [N/mm?] | [u] | [N/mm?] | [%] | [N/mm?] AR I gl bR
— [N/mm?] | [N/mm?] | [N/mm?]
D10 | SD345 2T 383 2,044 545 23.2 | 191,000 o 701 356 35.802
D6 | SD295 HIEXSTH 364 3,972 532 19.7 | 186,000 B-c - . : :
A H Hh 136 6.98 38,900
D13 | SD295 BA 354 1,944 492 23.1| 183,000 7 o 646 17454
TIT, o BIRAL 6 BIROT 2, o SIIRIRIE, o, MO, Bs | 7L : 745
E, : WEMERE H #h 142 7.36 40,300
B-c o RimshfUOUEIN B-s o RifghFUOUEIN
¢ RORBFVUAL & REFRK o PoRBFUUEN  x EAHKHK
X EEHRK
180 180
160 160 |
Z 140 ¢ 5140 r
o 120 + a 120
W 100 VASILBER) i 100 | V47 T)LBEE(B) : 94kN
I e  a a e R [N v e
80 + 80 f V29T ILBE(A) | 67N
P O R A B 0 2l B
» 60 ¥ VEMHE - 40kN
N 40 oo T o A O o iy Al
20 20
0 : : . ' 0 )
0 2 4 6 8 0 2 4 6 8
Fif=HH 6, [mm] Ff-hH 6, [mm]
R-16 ff i — 7= oA B
—— B ----- MHEE ----- Ey - Era—35—] Bs ----- BE ----- Ey-Ero—5—
180 180
160 160 |
= 140 = 140 ¢
=120 | e b
i 100 f HIHEE . HIEEE
- ; i fﬂE 100 ;
% 80/ 4 ¥ osof
D . 2 !
+ 60 F + 60 F/ ®
N g0t By EvO-5— N 40t # gy - Evn-5-
20 [ i i 20
0 L L L 2 0 V L ],
0 05 1 15 2 0 05 1 15 2
Tt 5, [mm] F 1= 6, [mm]
(b) B-s

(a) B-c
=17 A O Eie

v

B-c B-s B-c_East =----- B-c_West
l/_'L fffff B-s_West
Z 140
=,
a 120
g 100
¥ 80
D
260 [
N 40 H
20
0 o .
0 0.1 0.2 0.3 0.4 0.5 0 2 4 6 8 10
22 TDTRY E [mm] EEEHOTNEL [mm]
X-18 RXZT7OF Y & B-19 BE&HoTNEN

RDIZDIHDF 3 HEOVEZbHTH D, BPiciE, K

(2) EBHER
B CHE LY ORMMEICHS T 2MEL TR LT

a) ME—T=H#HEFRS L VEGKR
ME— 7D ABRER-16 27T, HEIZY ¥ v F0 W5,
W%, b2 ROMDENED DI b A/

23



SIMEACRBALANAT AP S 55 20 &

—8—P=40kN] ——P=120[kN] —®—P=150[kN] —@—JZKiit5 |

—@—P=40kN] —@—P=120[kN] —@—P=150kN] —@—&XiitA |

¢ VRO A
2000 YRR A 2000 = - o c e cmmmmmmmcmmcccmcccmeeeen
4/ 1500 | \
1000
- - m\
Y & = o——p — —
b i
e} 5 -500
-1000 |
-1500 -1500 |
VRO TH VEROTH
e OO0 =TSR I s e D000 = m e S
A VF B — SO mm] VBT Rl VF 35— S DY mm] [idicand
= - = | | - = == -
VIERDTH VIERDTH

VIERROT A

[mm]

(a) A AT (b) a2 5 75
X-20 BEAFHOOT IS (B-c)
——P=40[kN] —®—P=80kN] —@—P=140[kN] —@—&ZXiiif/} ——P=40[kN] ——P=80kN] —@—P=140kN] —@—&ZXiliH
VREROTH VRO T &

VFH [u]

-500
-1000
-1500

VIRRO T H
--------------------------- 00 e

M

1580 |
1000 | 1000\ |
_ 500 = 500 5\
= =
g I — . . . ) . \ . 2 .
o o
Py 506 | 5 500 |
000 | -1000 |
-1500 | X 1500 |
VEROT A VYEROS A

() HREE B 7

X]-21

24

BAHOOT B4

(b) P IS 75

(B-s)



BRIV T2 R AL D&M LAWK - @mREa 27 ) — DT AR R PCaPC #E ~ 0w I [ 1) 7z —# O i 1E E5R

F7, HHFOF T VREET TR OIZ KX 5L T OR(1)
IZEVEHLE,

V., = 1.65a40we1+/050y (1)

TIT, Vu: FUTIVRE, adowe : HEGHH 1 RO WIHE
B, os: 2227V — NOEMRE, o SFHORREE
Y,

ek, ’FoLZ T VEEA)TIE o lIZEDOa 7Y
— MOJEMEIREE A, # T UBREE(B)TIE op (2 B H#IE L
HNVDIEMFREZ Az, B-16 LV, WABREs b E
W ENITAHTE D ERA LN oTz, £, #
BREMRE T VI IS LISk 2 ICRMESME T LT
WD ZEDIPRZD,

b) #IEARITED H 8

fr 8 — TR BR EOYIHIRAIED B-c & B-s D LEEE
17 R 3, HICE, WMEEE LTSGR L —HE Y
oA B u— T — & U A O WIERIVE G R &
ARLTWD, B-c IEMsuEE & Lca omEIzE <,
Bs iI—MEy - —rro—5—L LA omikic
Lo TW5b, 2LV, 27 ) —MEoEN L
0 bR O EE OEVIC L DB TN, mRBRAE D
WM OBV B Z 5 2 TSI D,

KREBE A2 TR LIZEM A Z 7 DOKEIF DT
BEER-18 27”7, B-c IE, EOINIE bRnT
DELWIMLTWS, —F, B-s DT XD &lE, B-clZ
T2 o T,

c) BHEHOTIAE LI UVEEHOUVTH#0MH

B AZTOBEAIICE T HMEH MO EEE-
19 127" F, B-c OFTN&ITD7e<, B-s OFTNEITKE
W ERGDD,

BEAHOOT oA 2 K-20 B LOR-21 [&R7, B

fhoo 0 s, PR Z RS, K25 B-c DAL,

MDD B e T EIIFIE—RICOT A TR Y, FEis]
BRAOBERLTWAZ EByh5d, i), B-s DO &
AL, MR SRR OO T AR AR R L TR
v, ERXFTZANBMERALTHNDIERIDNZD,

(3) F£&o

ZEBETIE, UTOMAREONT-,

car 7 V) —riEBRIK B-c), VAT 47 U — B
& (B-s) &bz, mAMANIEMMEL K& < EFE
D, RO PC MMM 51T 2 I E O MEREDS
ARETHDLZ EER LT,

- T — AR EOIHIRIE O T, RO
FEIERLTWD EHEZEINS,

£

iz

6. fER

AEBRTIIOT BHEAHER, O FHHFER, GL
AT ER, OPC SHEMWREAE L REROE
FHAREEIEM L, SERONTA—FTar 7Y —}h
MErE L, BT FEAL M2 HL2RWBIKIY
i - mEREa 7 ) — R e, EMBENFEREDE A
MR L-mREa 7 ) — o 2fEE Lz, —
OREERBRICE Y, a7V — MOy 7Rk e
JERFTRE DEWEBETH Z LT, B EE A
W THIARNE 8 L O Kt /1 OFEA 23 Al BE T B Z &8

RBCE, 72720, REBROYIMIMIMEDFHRIZ 2T
i, SlEREBRE kT 5,

B . AEBROEMB X OARLONFICELELT,
A KRFERFEGEEAR fEME L LV 2 Kb ZWHh
EERFELE, ZZICRLUEHOEEELET,

BEX#K

1) MEFEIE RV ET U REAL 2 LRWE
RIHE - misE a7 U — b, AAREEESRKAS
firamEARsE (PED, 2017.8

2) AARBELSEELZESR VANV A a7 ) —
MEBEERERS B TH LW - TR K PC
D AR DZEMANIE, 2021 FE HARBEEERE
CRE) W& (PC) NV T A ATy a v
“Ek, pp.10-21, 2021

3) HARBESRE  FUARLVRA a2y U — FiSHEER
Y OMERERE MR A THE S () - R, 2015.2

4) HARBSEZES  §kiFar 2 U — ME - SRBRIEAH
EREHES, 2021.2

5) BAREEZS  BGALESA 7L X v 2 Mo
V7 U — MEEREHEE () - FfiE, 2002

25



26



R LT FEAY PEER LARVEBIRIGHE « @ikE = 2 ) — hoEBRICmT it
— 2D 1 FFRE & IR —

RILES U READ RZEFERALGL
HBIEIRME - @Ea Vo) — cOERIEICHIT-1&E
—ZMD1 NN EUEEMEK —

Examination on Practical Use of
Ultra-low Shrinkage and High Strength Concrete without Portland Cement

—Partl Mechanical Characteristics and Shrinkage Properties —
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For practical use of ultra-low shrinkage and high strength concrete without portland cement as a precast
concrete member, fresh properties, mechanical characteristics, and shrinkage properties were confirmed by
laboratory tests. As a result,the followings were confirmed;1) The fluctuation of fresh properties was small,
2) Compared to high-strength concrete, the long-term increase in compressive strength was large, and static
elasticity was high, 3) The split tensile strength and bending strength can be estimated using the
compressive strength as an index, as in the case of conventional high-strength concrete, 4) The self-
shrinkage strain and the dry shrinkage strain were very small.
Key Words: Non-portland cement, Low environmental impact, Fresh properties, Mechanical characteristics,
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Examination on Practical Application of
Ultra-low Shrinkage and High Strength Concrete without Portland Cement

—Part2 Carbonation Resistance and Spalling Properties —
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In this study, practical application of ultra-low shrinkage and high-strength concrete that does not use
portland cement, carbonation resistance and spalling properties were confirmed by laboratory tests. As a
result of the experiment, it was suggested that the progress of carbonation is similar to that of conventional
cement concrete and can be evaluated using the carbonation rate equation. The spalling properties were
able to suppress by mixing a predetermined amount of polypropylene fiber and steel fiber as in the case
of conventional high-strength concrete. In addition, the damage caused by the spalling was reduced under
the conditions of high compressive strength and low water content.

Key Words: No-portland cement, Low environmental impact, High strength concrete, Carbonation,

Spalling, Steel fiber, Polypropylene fiber
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Examination on Practical Use of
Ultra-low Shrinkage and High Strength Concrete without Portland Cement

—Part3 Manufacturing Experiments using Actual Full-scale Mixer—
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Manufacturing experiments (summer, standard period, winter) of ultra-low shrinkage and high strength
concrete without portland cement were conducted using an actual full-scale mixer of a precast concrete
factory. Mass blocks (cross-sectional dimensions: 400 X400mm, 1,000 X 1,000mm) simulating column
members were prepared, and the effects of curing conditions such as wet and dry conditions after
demolding and adiabatic foams on the member temperature and the strength development of the member
core were investigated. As a result, the slump flow and the amount of air were stable without being
affected by the season of manufacture. The temperature of the members was lower than that of
conventional high-strength concrete. The compressive strength of the member cores decreased when the
curing temperature was low. Strength development was promoted by covering the members with adiabatic
foams curing.
Key Words: Non-portland cement, Low environmental impact, Concrete for precast members,

High strength concrete, Manufacturing method
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Development of Ultra-low Shrinkage and Low Heat Generation Concrete
with a Design Strength around S0MPa
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For the purpose of on-site casting, ultra-low shrinkage and low heat generation concrete for bridge
superstructure with design strength around 50MPa using ferronickel slag sand and several types of
industrial by-products was developed. Changing the mass ratio of high-early-strength portland cement and
blast furnace slag, compressive strength, elastic modulus, drying shrinkage and heat generation
characteristics were examined. As a result, it was found that by adjusting the mass ratio of high-early-
strength portland cement containing expansive additive in the binder to around 30%, the compressive
strength at 3 days of age can be made comparable to conventional concrete with design strength around 50
MPa using high-early-strength portland cement. Furthermore, these mixture proportions realized a
significant reduction in drying shrinkage and heat generation due to hydration.

Key Words: Supplementary cementitious materials, Ferronickel slag sand, Low shrinkage, Low heat

generation
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Ultra-low Shrinkage and Ultra-high Strength Fiber Reinforced Concrete containing Ferro-nickel
Slag Sand and Fly-ash

R&D B> &% — xR H WATARU SASAKI
T ARRREHER B M B/~ YOUSUKE ONDA
R&D T 7 — % AKIYOSHI DAI

R&D T &% — KW TAKU MATSUDA

AKX 7z a =y FIVAT THIEM (FNS) L7547 v ¥ a % A 72 BRI B & i ikl = o 7 )
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LEWIZEENEZEBTE 5, £72, FNS Z25GRETHA L THL A KR ZEYNCRET 5 2 & THERE

DIKTIFECLRNZ b bhoT,

F—O—F ElHEdR= 2 U — b, BRI, BERE, Y=y SV ATTMEM, 7947 v a

This paper reports the characteristics of ultra-low shrinkage and ultra-high strength fiber reinforced concrete containing

ferro-nickel slag sand (FNS) and fly-ash, along with various experimental data. Comparing conventional ultra-high strength

concrete using conventional materials, the flowability has been significantly improved as well as high mechanical

properties while significant reduction of unit water content and autogenous shrinkage. It has also found that even if using

air- dried FNS, various characteristics can be obtained without deterioration by adjusting unit water content appropriately.

Key Words: Fiber reinforced concrete, Ultra-low shrinkage, Ultra-high strength, Ferro-nickel slag sand, Fly-ash
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A Study on Vibration Characteristics Changes of Damaged RC Buildings

R&D & #— Il %

MANABU KAWASHIMA

R&D > % — il =+ KEISUKE KAMIYAMA

KRARB B RBROT — & & Hvy, MRPICEEG 24 U RC EEYORARBEOHBEICOWT, Filik—
HHEROFELREGR E 22 SN DRI EZ AW TER Lz, Fx 2 x OEF IR OHEEMIT, IGER
MEDERL L BITIET L, HEEAE LGS ENDR L THInOEICITRE S 22V 2R Lz, R
POZA R E TR L ZfESARLE L TRO MR IREEIT, BARDKE BSIGT 22 Enmhol, £z,
IRIE D/ S 7R B D EAHAIRB B OB BN 2 BT 2 B ET LV ERE L,

F—TU— K RERE SRR, EAREE, MEREdH

Using data obtained with the large-scale shaking table experiments, changes of the natural frequencies
of RC buildings damaged during the shaking test were discussed by denoting the "performance curve"
which is a load-deformation relationship for an equivalent one-degree-of-freedom system. When damage
occurred during the shaking, the estimated natural frequencies decreased and did not return to its initial
value at the end of the tests. The identified natural frequencies were also found to correspond well to the
equivalent frequencies obtained as the gradient connecting each point of the performance curve and the

origin. In addition, a nonlinear model was proposed to explain the tendency of the natural frequencies to

changes at the range of small amplitudes.

Key Words: Large-scale shaking table test, Natural frequency, Performance curve
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(a) Natural frequency (top), damping factor (middle), maximum
representative displacement (bottom) during shaking tests
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(b) Relationship between vibration
characteristics and representative
displacement during shaking tests
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Fundamental Study on Detecting Buried Object using Seismic Reflection Method

R&D > ¥ — FiEE RIT

R&D o ¥ — @ TAKU MATSUDA

F0AY A PE T PR R GOJI TOMURA
AR E E4)II 5L HIROAKI HASEGAWA
TAREATER KE A YASUNORI YANO
NS5 HE JUNICHI INOUE

SRR HEER S R B 7R TR 1~ 10m OMEEMIE, A—U 2 ZHNNC & 258 EBThh, MEICE KRS HE

ELTND, TOREDIZ, ZOWEDHRADWETFIEORENRD N TEY, BEFEOHLOTZDIZ,
TREE 2.5m DB IR 2 5 QU SIHE IR RE T2 Vo N ER E Bl I 2L —va V2 Ef L
7o EBROFARR & L CHEBRED DA 28 & @8 IR T 2 MERE & KK R E2 i+ 27 — 24
HHEEHES I 2L —va VORFL, ZORERBEE T — XU HEEZERCTEM L, ZO/RKR, L
FUORSE L HEPHRLEOMELZFET D LN TE, 2D &I . AW THWCHIEERE LT
— ZALBRTIENE, HIBRMORETFIEL LTCHAMRETHD Z L 2R LT,
F—O—F  MUTHRY, KINEIEREE, B
Exploration of buried objects at a depth of 1 to 10 m, which is difficult to confirm by test pitting, takes

C BiEY I —a v

labor for exploration, such as probe by boring. Therefore, the development of an efficient exploration
method for this depth is required. In order to establish the exploration method, fundamental experiments
and numerical simulations using the seismic reflection method were carried out for the box culvert at a
depth of 2.5 m. As a preliminary study of the experiment, the measurement arrangement for receiving the
reflected waves from the box culvert at high density and the data processing method for extracting the
reflection points were considered by numerical simulation, and the measurement arrangement and the data
processing method were applied in the experiment. As a result of the experiment, it was possible to identify
the position of the upper surface of the box culvert with relatively high accuracy. From these it was
confirmed that the measurement method and data processing method used in this study can be applied as
a method for exploring buried objects.

Key Words: Underground buried object, Seismic reflection method, Box culvert, Numerical simulation
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Inspection Work Efficiency of Aqueduct Tunnel using MR Device
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This paper shows about development of aqueduct tunnel inspection navigation system and aqueduct tunnel

NN V%

cruck map making system, and verification of the effectiveness.

In inspection work such as water tunnels and open channels, it is difficult to find the location of existing
cracks on the concrete wall surface due to vegetation such as moss and algae, and there are problems in the
work environment such as no lighting inside the aqueduct tunnel. And the facility is out of service for a limited

period, and there are restrictions on working hours. This system aims to improve work efficiency and save

OTSU
HIROSHI YAMACHI

labor in consideration of the problems of on-site work at the time of these inspections.

Key Words: Maintenance, Investigation and Inspection, MR Device, Aqueduct Tunnel
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