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ABSTRACT

TITLE : TESTING OF WET JOINT FOR PRECAST REINFORCED CONCRETE
BEAMS USING VARIOUS REINFORCEMENT DETAILINGS

BY : TEERAWUT KULPHONMUANG

DEGREE : MASTER OF ENGINEERING

MAJOR : CIVIL ENGINEERING

CHAIR : ASST. PROF. GRIENGSAK KAEWKULCHAI Ph.D.

KEYWORDS : PRECAST CONCRETE BEAM / WET JOINT / CONNECTION

This research’s objective is to study behavior and failure mode of wet joint
connections of precast reinforced concrete beams, having various reinforcement detailing.
Two cases of joint samples were tested. The first case of joint samples is to determine the most
suitable tension bar detailing having efficiency compatible to the welding connection joint. For
the second case, the best steel detailing is studied further.

From the first test results, it was found that for the beam having tension bars joined by
90-degree hook at each end with C-shape DB12 mm crossing at the corner of hook, the flexural
strength can be developed close to that of welding connection joint. In addition, it was found from
the second test results that when using larger amount of cross bars the flexural capacity tends to be

higher.
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y 4 e el o o ar 1 1 é
M3ad A1 Hamsnaaeuidesaneuniaginsanszuondmiunusiedanaaeuiiniie

(MUAIDE19 B1-B7)

Y mitenld | mdssh | Aunde

dretha | Fufinaaen 914 (3u) (kg) (kN) (ksc) (ksc)
13-91.91.-54 28 12.05 410 237

AU 13-.91.-54 28 12.35 415 240 237
13-A.91.-54 28 12.34 400 232
13-0.91.-54 27 12.83 420 243

50000 | 13-A.9.-54 27 12.75 425 246 245
13-01.91.-54 27 12.47 425 246

M3 02 wamsnaaeumdsaneuningnsnszuendmiunudlesinaaoians

(MUAIDE1Y B4-A 719 B4-E)

Yiwiin mienld | mdssa | Aunde
freens | Fuiinaaen 1g (34) (kg) (kN) (ksc) (ksc)
6-13.9.-55 23 12.99 390 226
U 6-130.8.-55 23 12.41 390 226 228
6-130.8.-55 23 12.87 400 232
6-130.8.-55 22 12.67 400 232
JOUAD | 6-131.0.-55 22 12.95 410 237 232
6-130.0.-55 22 12.92 390 226
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| o 2
ﬂ'l's'Nﬁ n.3 Wﬁﬂ13']"lﬂﬂ'ﬂlllliﬂﬁqmﬂﬁlﬂﬁﬂﬂ’lﬂﬂ'nﬂ]u’lﬂ RB6 BURUNIN SR24

Nominal Reading Load Tensile Strength

Weight | Gauge | Deformed | Percentage Cross-
Diameter

No. P /Length | Length | Length of section | yield | Ultimate | Yield | Ultimate
(kg/m) (em) (cm) Elongation Area (kg) (kg) (kg/cmz) (kglcmz)
(em’)

Al 6 0.213 | 3.0 4.2 40.00 0.283 | 970 | 1,287 | 3,429 | 4,553

A2 6 0.211 | 3.0 4.7 56.67 0.283 | 1,019 | 1,287 | 3,605 | 4,553

A3 6 0.209 | 3.0 4.2 40.00 0.283 | 989 | 1,287 | 3,499 | 4,553

| o - g 4
MAATIN A3 MAATIN (f,) INALVDUNANAINGIIVUIA RBE  FUABLAIN

SR24 TAUMNY 3,511 D 1anSuAomT 1S URLNT

! 3 2
MIN N4 WANIINATOULIIAIYDUNANAINEIIVLIA RBY FUAMAIN SR24

Nominal | peading Load Tensile Strength
Weight | Gauge | Deformed | Percentage | Cross-
Diameter )
oty || Deagth | L i section | yield | Ultimate | Yield | Ultimate
mm

(kg/m) (ecm) (em) Elongation Area (kg) (kg) (kg/cmz) (kg/cmz)

(em’)

Bl 9 0.491 | 4.5 0.2 15.56 0.636 | 2,260 | 2,995 | 3,553 | 4,708

B2 9 0.494 | 4.5 5.5 22.22 0.636 | 2,211 | 2,995 | 3,475 | 4,708

B3 9 0.497 | 4.5 5.5 22.22 0.636 | 2,310 | 2,975 | 3,631 | 4,677

~ o o 4 =1 :‘;
INAITNN N4 MAIAIIN (f) IRAVVBIHANAINEIIVUIA RBI FUAUNIN

SR24 HAWNND 3,553 N 1anSUADMIT B UALIAT
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M3197 0.5 WANSNATDULTIAIVOUNANAINGIIVUIA DB12 YUAUNTW SD40
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Nominal Reading Load Tensile Strength
Weight | Gauge | Deformed | Percentage Cross-
Diameter .

No. iy /Length | Length | Length of section | yiold | Ultimate | Yield | Ultimate
(kg/m) (cm) (em) Elongation Area (kg) (kg) (kg;'cmz) (kgfcmz)

(em)
Cl 12 0.843 6.0 7.2 20.00 1.131 | 6,381 | 8,116 | 5,642 | 7,176
C2 12 0.860 | 6.0 7.4 23.33 1.131 | 6,411 | 8,116 | 5,668 | 7,176
C3 12 0.869 | 6.0 7.3 21.67 1.131 | 6,331 | 8,116 | 5,598 | 7,176

SR24 HAUNIN 5,636 N 1aNTUADAITIUHUALIAT

v’ ¥
MI9N 0.6 HANITNATBLLTIAIVBUNANAINGIVUIA DB16 FUAUNIN SD40

! o w . =] g.r
inﬂ@nj'l‘ﬁﬁ .5 N1A3AIN (fy) lﬂaﬂﬂﬂ\uﬂaﬂﬂqﬂﬂ1qmu‘]ﬂ RB12 FURAUNIN

Nominal Reading Load Tensile Strength
Weight | Gauge | Deformed | Percentage Cross-
Diameter .
Pie. (ras flangth: | Length' | Length ut section | vyield | Ultimate | Yield | Ultimate
(kg/m) (em) (em) Elongation Area (kg) (kg) (kg) (kg)
(em)
D1 16 1.555 | 8.0 10.2 27.50 2011 | 11,418 | 14,363 | 5,679 | 7,143
D2 16 1.553 | 8.0 9.7 21.25 2.011 | 11,438 | 14,660 | 5,689 | 7,291
D3 16 1.498 | 8.0 9.7 21.25 2.011 | 11,368 | 14,462 | 5,654 | 7,193

SR24 UAINN 5,674 N laNTUADAIT 1EUALIAT

| o = =] :‘;
91NA15199 N.6 A1E9ATIN (fy) NAYVDAUNANAINYIIVUIA RBI6 TUAMUNIN
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o = do o w o o a i o
9.1 5IMIAUINAATIEHANATY TumuAAAUazITURDUFIZATRINIUAIBENNAT UG
[ o as ' o o -:' o 1
fulummuddavessesdonvulonvesmunouninduisglyanaaeui 1 ATuA29619 B1-B7

(ManEs NS ULT A9 2-DB12)

INYUNNTODALLIY
fe' = 240 kefem’ A, = 226 e’
fy = 5636 kglem’ p = A /bxd

= 20 cm p = 0.0031
d = 37 cm B, = 0.85

o 1 fao o Y ar v
1) ﬂ11«!'Jﬂ€'ﬁWﬂ'lIlILNUﬂﬂﬂﬂﬁHTﬂﬂﬂWHﬁ'mﬁﬂ‘i‘Ullﬂ%']ﬂ

L 7

n = pfybd”(1-059p—=)
fe

wld M, = 4,578 kg-m

¥ [l
2) hmipusipaAmuannsaiyld
P = 12208 ke

3) A5IAOUANHULMITITAVDINIIAAATY

7 6120
ORI e e iy
i +
4 Y
Py = 0.0160 > 0.0031

(Under — reinforced section)



4) MAITUUTINDUVDIADUNIA

o w A
5) MAdRDUTS

Ve = 0S3f'b-d
v, = 6,076 kg
4 = 6,104/0.85
n
v = 7,182 kg = > V.

" =Y =1
(maunia luansadumunsadenld wsumaniasn)

=] a ow
6) ElE)ﬂLL‘lJ‘UL?‘iﬁﬂLﬁi:Ji‘ULLNlﬁﬂu

N

V=t tF
Vs =Vn-V.
v, = 7,182 — 6,076
Vi = 1,106 kg

V- Vo, < L1f,'by,d

99
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1,106 kg < 1.1 xv240x20x 37 kg
1,L106 kg < 12,610 kg
Smax = 18.50 cm

donldinanlaon RB6, A, = 0.56 cm’, 7, = 3,511 kg/em’

A, - f, -d
Yy
wld s =
Vs
0.56 x 3,511 x 37
s =
1,106
s = 65 cm

=
wwonldmanilaon RB6 5202504 15 cm



101

o a o o w s as ' o o
9.2 'i']Elﬂ']ﬁﬂ1u'.]m'llﬂﬁ13“ﬂ’]ﬁ§§ﬂiuluuﬁﬂﬂtlﬁ3Lﬁ\uﬁﬂuq@f!ﬂﬂlﬂﬁﬂ1uﬂ'3?]ﬂ1ﬂﬂﬂﬁﬂun‘lﬂﬂ
Qs o o " =] o o = Qs '
illilllll‘l‘!ﬂﬂﬂﬂli’)@iﬂﬂﬂﬂ&lﬂﬂﬁjﬂﬂmﬂﬁﬂ’]uﬂﬂuﬂﬁﬂﬁ'ﬂﬁﬁ]gﬂ‘ljﬂ‘nﬂﬁau‘ﬂ 2 ATUAIDYN B4-A

(nana3us UL IR 2-DB12)

NUNNITOONLDY
fg = 230 kglem’ A = 226 om’
fy = 5,636 kg/em’ p - A/bxd
= 20 cm p = 0.0031
d = 37 cm B = 0.85

1) s luudaannidanuaunsasuldon

2 Iy
M, = pfybd (1—0.59,97)
c

w1 M, = 4,569 kg-m
g o = [ Y
2) minussyainuawsasyld
P = 12,184 kg
3) AsndaUANYUZMI AT IdANY

'

Tl e120

p = 0858 —
b 1 6,120 +
! y fy

Py, 0.0153>0.0031

(Under - reinforced section)



4) MABSVUSANDUVDINOUNIA

Ve = 0S3f'-bd
wld v, = 5,948 kg
5) MauRousYy
Vn = 6,092/0.85
v o= 7,167 kg = > Ve

=1 ] =Y a3
(raunsa lumsamumunsaon 14 iSumaniaen)

g a w
6) PPRNLULIMANESUSUUTIRDY

1N Vyy =V, +V,
wla Vo=V, -V,

v, = 7,167 — 6,092

i = 1,075 kg
il Vy- Ve < 117 b,d

d
= Hf = — H?B < 60 cm
2

102



1,075 kg <  1.1xv230x20x37 kg
1,075 kg < 12345 kg
Smax = 18.50 cm

idonldinaniaon RB6, A, = 0.56 em’, 7, =3,511 kg/em”

Ay = s ol
Yy
wld s =
Vs
0.56 x 3,511 x 37
B
1,075
s - 68 cm

wonldimaniasn RB6 5282599 15 cm
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o = d e w o o Y L] o
U3 TlUﬂ’liﬂ’]u'HLI'Jlﬂ'i'Izﬂﬂ'm\‘i'iﬂiilmuﬂﬂﬂlmglﬁ\3l$i’)ugﬁfj"ﬂq.lBﬂﬂ’]uW?ﬂﬂ'N‘nﬂﬁf]ﬂﬂ']ﬁﬂ
a o ar v = o o = a i
iﬂjﬂluuﬂﬂﬂﬂlﬂﬁiﬂﬂﬂ?JLL“]JTJGJUﬂ‘U'ENﬂ'IUﬂﬂUﬂiGlﬁ']!.‘iﬁ]gﬂ"lzﬂ'ﬂﬂﬂﬂﬁ‘n 2 14087149 B4-B

Y ' =] a w
UagnIUAIee1d B4-C (L‘Hflﬂlﬁillﬁ‘l_llﬁﬁﬁﬁ 3-DB12)

o

N 31
fr = 230 kglem’ A = 339  om’
fy = 5,636  kg/em’ p = A /bxd
b = 20 cm p = 0.0046
d = 37 cm B = 0.85

) mvama lumuaaanriaamuausasuldon

2 Iy
M, = pfybd (1—0.59,0}:—;)
&4

w14 M, = 6,626 kg-m

v v
2) iminussyafiauannsoiuld

B
I

17,670 kg

3) ASINAOUANYUTMIIVAVBIHTAANIY

£l 6120

(I VR T
; +

F ¥
Py - 0.0153 > 0.0046

(Under — reinforced section)



4) MABSVUSARNOUVDINDUNIA

Ve = 03/ b-d
w'1d V, = 5,948 kg
5) MduRouszy
4 = 8,835/0.85
n
v o= 10394 kg = > v,

] = =1
mounsa lannsadumuusufou 18 @sumaniaen)

= a o
6) DRALUULAANIITUITULLS \‘llﬁﬂu

N V=V, +Vy
wld v, =V, -V,

v, = 10,394 — 5,948

Vg = 4,446 kg
i V- Ve S L1f,yd

d
1% =2 visa =< 60cm
2
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4446 kg < 1.1xV230x20x37 kg
4446 kg < 12,345 kg

Smax 18.50 cm

idonldminiaen RBY, A, = 1.27 em’, 7, = 3,553 kg/em’

4, - fy o d
Yy
2l s =
Vs
1.27 x 3,553 x 37
=
4,446
S = 37 cm

donlfivaniasn RBY 5202504 15 cm
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o a do @ w o s 1 o w
1.4 3'lElﬂ'lﬁﬂ'|Ll’.lm’.l!.ﬂi'lzﬁﬂ'lENTLIIl]m‘lnlﬁﬂﬂllﬁmﬁﬁlﬁ@u’q@q@wﬂﬂﬂ?ﬂﬁ?ﬂﬂ']ﬂﬂﬂﬂﬂﬁﬂ']ﬁﬂ
o o as ' = a o d { o 1
i’ljh.lmuﬂﬂﬂﬂlﬂx‘liﬂﬂﬂﬂuﬂU&ﬂﬂﬂﬂlﬂﬂﬂ1uﬂﬂuﬂ§ﬂﬁ1ﬁﬂgﬂ‘yﬂﬂﬂﬁﬂﬂﬁ 2 AUAIDYE B4-D

HAZATUATIDY1 B4-E (IMAMA3 U5 U15979 2-DB16)

I3

DUNNITOONLLIL
= 230 keg/em’ A, = 402  om’
fy = 5674 kg/em’ p = A/bxd
b = 20 cm p = 0.0054
d = 37 cm B = 0.85

o v s A w [y
1) ﬂ1u3mﬂ'lﬂ‘]IiJuJuﬂﬁﬂﬁﬂﬁ1ﬁﬂﬂ1uﬁ']llhljnscuhlg{iﬂﬂ

2 fy
M, = pfybd (1—0.59,0?)
(]

wla M, = 7,682 kg-m
Z a = s v
2) minussynAinuansaiula
P = 20485 kg

3) A3APVANHUZMINIAVDININAAATY

Tl 6120

I LV ey
; 4

y ¥
py = 0.0152 > 0.0054

(Under — reinforced section)



4) MABVUTINOUVDIABUNTA

V. = 053/f'-bd
w14 ¥, = 5,948 kg
5) Maudeuszy
v = 10,243/0.85
v = 12,050 kg =~ > ¥,

1 = =
(PounIa lumusadmumuusudou 14 wwSumaniasn)

= a  w
6) ﬂaﬂHUUL'ﬁﬂﬂlﬁiuilﬂﬁuﬁﬂu

O V=V, +Vy
w14 Ve =V, -V,
Ve = 12,050-5948
Ve = 6102 ke
&4
1o Vo- Vo < LIJf.'b,d

= 60 cm

—
Re

N | Ry
i
ju]

108



109

6,102 kg < 1.1 xv230x20x 37 kg
6,102 kg < 12,345 kg
Smax = 18.50 cm

donldivaniasn RBY, A =1.27 em’, /y = 3,553 kg/em’

4, - Iy - d
Y
%31@9{ S=—"
Vs
1.27 % 3,553 x 37
g =
6,102
S = 27 cm

=1
wonldmaniaon RBY 52025049 15 cm
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=] { o ar [~
4.5 szezduvandedesniuussdslaeradauiuvoseuasgiu

o -1 a3 = -
WATFIN ACI W30 2.0.9. MruanuIvesszezdsiuguveananasudedoun

Suusedslaoaalarodluveseuinsgiu Ly Al
. 0.075fydb
hb |
fC
0
£ = 240  kg/em’
fy = 5,636 kglem’
dy = 1.2 cm
w2l
0.075x5,636x1.2
' = v
240
lhb = 3274 cm

A 9 s 9 9 Ao < ar o a o o
enldszezdunandadesisuussdalasaataaiiuveseuiaigiu 33 wufmns dmsy

MUAIDEYAN 1 AU BI (VUIATOUAD 35 15URALIAT)
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4 o o w o o o " a 1 y { 1 =1
i"n‘ﬂ\‘lﬁ f.1 Nﬂﬂ’l'ﬁ"’lﬂﬁﬂ'ﬂﬂ?ﬂQiUIMLﬂJuﬂﬂﬂﬂ'luﬂ'JﬂfJNﬁﬂHﬂlgﬂ?iﬂﬂl%ﬂuﬁﬂﬂﬂﬂﬂlﬂuﬂﬁﬂ

SN 9Re TABNTIDUINIATTIY 90 B3R TDEABLLIVAIINYUIA 35 IHUAIAT

(B1)
Load Deflection Strain gage x 10{, L Strain gage x 10*, R
No. (kg) (mm) (m/m) (m/m)
1 0 0 0 0
2 264 0.41 11.40 6.50
3 571 0.79 21.60 13.60
4 932 1.20 36.30 23.90
5 1,509 1.67 64.30 43.50
6 2,000 2:12 122.10 83.10
7 2,519 2.59 214.30 149.50
8 3,064 3.01 280.40 197.00
9 3.572 3.35 335.80 239.90
10 4,046 3.76 431.00 340.50
11 4,540 4.15 505.00 452.20
12 5,019 4.45 543.20 536.10
13 5,565 4.98 673.10 923.90
14 6,046 5.53 794.60 1,133.90
13 6,500 6.05 901.00 1,312.50
16 6,989 6.49 1,008.20 1,477.40
17 7,550 7.22 1,524.40 1,708.00
18 8,000 7.67 1,673.10 1,856.90
19 8,435 8.15 1,824.80 2,021.20
20 8,839 8.54 1,961.50 2,161.10
21 9,505 9.00 2,097.30 2,301.90
22 10,009 9.73 2,276.40 2,619.23
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(B1) (s10)
Load Deflection Strain gage x 104, L Strain gage x 10'6, R
No. (kg) (mm) (m/m) (m/m)
23 10,206 9.90 2.331.10 2,669.42
24 10,400 10.48 2,504.40 2,800.14
25 10,608 11.85 2,519.50 2,831.01
26 10,817 12.33 2,542.50 2,863.35
27 11,017 14.04 2,714.40 3,084.06
28 11,223 14.73 2,785.10 3,220.56
29 11,407 17.18 2,940.20 3,468.99
30 11,519 17.55 2,971.00 3,510.47
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Load Deflection Strain gage x 10{, L Strain gage x 10’6, R
No. (kg) (mm) (m/m) (m/m)
1 0 0 0 0
& 470 0.64 6.90 5.60
3 1,006 1.32 18.70 38.60
4 1,506 1.95 341.80 83.80
5 2,082 2.61 487.70 147.40
6 2,400 2.87 563.20 185.70
7 3,007 3.44 639.00 226.60
8 3,495 3.88 734.80 284.70
9 4,127 4.36 842.00 359.30
10 4,562 4.86 1,003.60 488.30
11 4,921 5.13 1,047.00 513.80
12 5,585 5.79 1,189.20 626.30
13 6,000 6.24 1,295.30 718.10
14 6,597 6.87 1,423.90 853.50
15 7,068 7.60 1,538.60 1,281.70
16 7,575 8.17 1,690.60 1,427.10
17 8,046 8.58 1,799.90 1,510.80
18 8,521 9.24 1,976.80 1,659.20
19 9,124 9.77 2,105.10 1,784.00
20 9,541 10.41 2,276.50 1,980.90
21 10,086 10.85 2,376.10 2,077.50
22 10,215 11.12 2,447.60 2,145.70
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Load Deflection Strain gage x 10{, L Strain gage x 10{, R

No. (kg) (mm) (m/m) (m/m)

23 10,408 11.87 2,544.50 2,180.00
24 10,662 12.33 2,619.70 2,214.90
25 10,809 13.11 2,794.70 2,277.50
26 11,050 13.54 2,948.60 2,321.10
27 11,243 13.89 3,050.40 2,348.60
28 11,701 18.90 4,692.50 2,508.90
29 12,084 25.11 5,713.20 9,986.20
30 12,299 34.38 9,986.20 9,986.20
3 12,655 41.36 9,986.20 9,986.20
32 13,038 51.60 9.986.20 9,986.20
38 13,515 53.34 9,986.20 9,986.20
34 13,763 55.33 9,986.20 9,986.20
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(9

Load Deflection Strain gage x 10'6, L Strain gage x 104, R

No. (kg) (mm) (m/m) (m/m)

1 0 0 0 0

2 216 0.41 6.20 1.00

3 469 0.61 11.10 1.30

4 1,071 By 22.60 12.10

5 1,577 1.63 31.90 20.90

6 2,061 2.13 41.00 34.60

7 2,566 2.65 54.20 52.20

8 2,986 2.97 64.10 69.50
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Load Deflection Strain gage x 106, L Strain gage x 10{, R
No. (kg) (mm) (m/m) (m/m)
9 3,200 3.17 70.67 87.65
10 3,501 3.40 80.70 118.10
11 3,862 3.76 90.10 167.50
12 4,235 3.95 97.70 178.30
13 4,643 4.36 262.60 366.60
14 3,247 5.71 246.90 342.00
15 2,990 5.94 239.00 328.80
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Load Deflection Strain gage x 10{, L Strain gage x 10{, R
No. (kg) (mm) (m/m) (m/m)
1 0 0 0 0
2 344 1.06 40.20 20.20
3 531 1.33 77.70 43.10
- 1,009 2.00 176.90 113.00
5 1500 2.54 275.20 176.70
6 2,018 3.02 365.30 230.40
7 2,525 3.44 449.00 277.20
8 2,800 3.65 513.00 310.40
9 3,505 4.29 614.40 364.90
10 4,026 4.69 724.10 424.70
11 4,501 5.06 854.80 501.10
12 5,010 377 1,075.60 644.50
13 5,515 6.13 1,185.70 705.30
14 6,021 6.51 1,293.80 765.80
15 6,522 7.20 1,463.70 890.40
16 7,007 7.75 1,619.50 1,002.40
17 7,503 8.15 1,749.00 1,085.10
18 8,059 8.74 1,946.00 1,236.90
19 8,579 9.31 2,106.10 1,357.60
20 9,006 A 2,228.50 1,467.20
21 9,529 10.28 2,392.30 1,620.50
22 10,068 10.74 2,539.60 1,790.50
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Load Deflection Strain gage x 10{, L Strain gage x 10{, R

No. (kg) (mm) (m/m) (m/m)

23 10,502 11.21 2,667.10 1,936.30
24 11,017 11.85 2,781.00 2,121.20
25 11,218 12.60 2,781.40 2,236.80
26 11,482 13.27 2,848.60 2,264.80
27 11,805 14.69 2,981.60 2.317.20
28 12,001 17.24 2,945.00 2,410.70
29 12,355 23.76 3,498.90 2,490.10
30 12,796 24.95 3,484.60 2,532.00
31 13,091 25.27 3,490.20 2,555.00
32 13,228 26.41 3,443.70 2,581.10
33 13,408 30.13 3,484.10 2,642.30
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Load Deflection Strain gage x 10‘, L Strain gage x 10%, R

No. (kg) (mm) (m/m) (m/m)

1 0 0 0 0

2 218 0.27 7.80 22,70

3 518 0.66 18.20 66.70

4 971 1.19 34.90 134.70

5 1,200 1.46 45.54 189.79

6 1,507 1.70 58.60 214.60

7 2,023 2.08 79.40 284.80

8 2,557 2.55 148.20 399.50
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25 IFUAAT (BS) (AD)

Load Deflection Strain gage x 104, L Strain gage x 10{, R
No. (kg) (mm) (m/m) (m/m)
9 3,145 2.98 216.90 524.40
10 3,504 3.29 291.60 627.60
11 3,947 3.59 342.30 723.00
12 4,501 4.04 432.30 861.60
13 5,002 4.54 514.90 997.20
14 5,691 5.34 667.50 1,200.40
15 6,005 5.68 802.10 1,287.20
16 6,443 6.19 1,006.90 1,409.10
17 7,070 6.82 1,224.20 1,592.60
18 7,540 7.61 1,400.50 1,769.40
19 8,004 8.08 1,518.90 1,885.10
20 8,502 8.67 1,677.60 2,057.50
21 9,062 9.38 1,855.00 2,239.10
22 9,584 10.00 2,001.70 2,404.90
23 10,001 10.83 2,168.30 2,647.70
24 10,251 11.03 2,197.90 2,701.30
25 9,389 11.51 2,217.50 2,713.60
26 6,865 12.97 2,041.00 2,475.00
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Load Deflection Strain gage x 10*, L Strain gage x 10{, R

No. (kg) (mm) (m/m) (m/m)

1 0 0 0 0

2 207 0.69 1.10 1.70

3 518 1:23 3.70 8.30

4 1,025 1.92 117.10 27.40

5 1,555 2.54 218.80 260.10

6 2,018 3.05 318.80 379.70

7 2,502 3.50 404.50 481.80

8 2,800 3.83 450.98 532.65
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Load Deflection Strain gage x 10°,L Strain gage x 10°, R
No. (kg) (mm) (m/m) (m/m)
9 3,087 4.04 500.60 595.70
10 3.517 4.41 586.10 690.10
11 4,027 4.84 681.50 807.90
12 4,576 531 752.60 907.60
13 5,006 5.74 839.50 1,000.40
14 5,519 6.18 925.40 1,122.90
15 6,002 6.72 1,064.60 1,263.50
16 6,525 7.31 1,188.20 1,396.70
17 6,914 7.82 1,288.70 1,483.60
18 7,550 8.64 1,541.00 1,778.00
19 8,023 9.11 1,689.20 1,917.70
20 8,670 9.72 1,841.90 2,068.40
21 9,124 10.19 2,008.70 2,195.80
22 9,538 10.79 2,191.30 2,366.60
23 9,547 10.79 2,192.00 2,367.40
24 9912 11.09 2,247.20 2,429.40
25 10,301 11.64 2,383.90 2,605.10
26 10,793 12.80 2,471.50 2,788.90
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25 IUAAT (BT)

Load Deflection Strain gage x 10, L Strain gage x 10°, R

No. (kg) (mm) (m/m) (m/m)

1 0 0 0 0

2 253 0.45 23.10 25.90

3 518 0.86 51.40 56.50

4 1,200 1.78 112.30 117.00

5 1,572 2.20 166.00 171.30

6 2,023 2.72 206.90 218.60

7 2,529 3.17 249.40 268.80

8 2,984 3.58 302.10 324.90
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25 UAAST (B7) (AD)

Load Deflection Strain gage x 104, L Strain gage x 104, R
No. (kg) (mm) (m/m) (m/m)
9 3,545 4.01 367.80 380.40
10 4,000 4.36 435.60 434.30
11 4,573 4.85 537.20 529.10
12 5,004 5.26 582.40 572.40
13 5,503 5.82 659.60 650.00
14 5,962 6.32 748.10 745.30
15 6,583 7.02 880.20 879.90
16 7,009 7.58 944.20 953.10
17 7,508 8.04 1,022.10 1,032.50
18 8,002 8.78 1,196.80 1,152.00
19 8,403 9.27 1,311.90 1,276.90
20 9,011 10.05 1,493.00 1,424.80
21 9,559 10.66 1,606.50 1,560.60
22 10,090 11.38 1,736.80 1,932.10
23 10,201 11.72 1,847.41 2,163.41
24 10,572 12.61 2,048.22 2,322.65
25 10,805 13.06 2,276.54 2,521.49
26 11,040 13.71 2,476.56 2,7199.13
27 11,302 15.62 2,626.05 2,871.50
28 11,719 17.85 2,759.13 2,986.25
29 12,068 19.08 2,804.13 3,059.63
30 11,593 19.28 3,031.97 3,253.14
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Load Deflection Strain gage x 1(}{, L Strain gage x 10‘, R
No. (kg) (mm) (m/m) (m/m)
1 0 0 0 0
Z 716 0.18 5.50 24.30
3 1,696 0.64 70.20 178.30
4 2,200 1.02 181.60 341.00
5 2,644 1.28 265.70 436.50
6 3,293 1.87 656.40 608.10
7 4,142 2,79 906.00 829.30
8 4,386 3.00 959.70 882.60
9 4,889 3.60 1,096.50 1,007.60
10 5,158 3.88 1,178.70 1,075.80
11 5,507 4.25 1,275.20 1,152.80
12 6,071 4.90 1,435.30 1,291.10
13 6,525 5.36 1,573.80 1,409.40
14 7,234 6.20 1,792.00 1,587.30
15 7,638 6.56 1,895.40 1,677.30
16 8,238 7.47 2,078.30 1,833.30
17 8,649 8.00 2,195.40 1,943.30
18 9,145 8.69 2,342.70 2,084.80
19 9,546 9.35 2,456.50 2,200.50
20 10,160 10.66 2,587.50 2,398.00
21 10,494 12.13 2,643.60 2,928.50
22 10,649 13.00 2,664.40 2,926.40
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Load Deflection Strain gage x 104, L Strain gage x 10'6, R
No. (kg) (mm) (m/m) (m/m)
23 10,848 17.92 2,690.20 4,967.40
24 11,041 20.89 2,704.60 4,967.40
25 11,060 21.48 2,703.70 4,967.40
26 11,414 22.67 2,798.50 4,967.40
27 11,641 24.93 2,802.10 4,967.40
28 11,923 29.14 2,869.00 4,967.40
29 10,715 31.92 2,976.80 4,967.40
16,000
14,000
12,000
7 o I — |
~ 10,000 ’ ‘
o; .’ :
£ 5,000 3 :
= s ¥ i
U= !’ '
N u’ i i |
=
£ 6,000 nr
- -~ R
Iu: 1
4,000 7
2,000 f'{
0
0 1,000 2,000 3,000 4,000 5,000 6,000

AATEA x 10°, (m/m)

4 v W i g @ w =] - =
.ﬂ]‘ﬂﬁ .8 ﬂ')']iJﬁuwugﬁxﬂ'JNN'lﬂuﬂUi‘i'Vr]ﬂﬂ‘l_lﬂ'lﬂ'.]'llllﬂ‘:%Uﬂﬂ]ﬂﬁlﬂﬁﬂkﬁiﬂiﬂlﬁﬂﬁﬂﬂ'\ﬂ

A198149 B4-A




129

4 o o o o @ o " ar 1 4 i 1 <
ﬂTﬂ@ﬁ .9 Nﬂﬂ'l?ﬂﬂﬁﬂllﬂ’]ﬁﬂi‘ljIi.llll‘l—!ﬂﬂﬂfﬂum?ﬂEJ'IQﬁﬂ'Hm$ﬂ'I'§WUL%E}3J‘?Iﬂﬂﬂﬂﬂ'i‘]ﬂlﬂﬁﬂ

35U eAalasMs99va1IATFIM 90 DI IMANIAINTULTIAY 3-DB12 Yada

< @ 1 = a
(Man DB12 31 sesaouuuilonyuia 25 isudiuas (B4-B)

Load Deflection Strain gage x 10°, L Strain gage x 10°, R
No. (kg) (mm) (m/m) (m/m)
1 0 0 0 0
2 702 0.09 9.00 8.10
3 1,246 0.36 34.00 54.60
4 1,853 0.70 87.80 110.10
5 2,155 0.86 121.60 138.70
6 2,400 1.04 158.40 166.70
7 2,910 1.27 223.80 216.60
8 3,347 1.52 290.70 263.60
9 3,852 1.87 387.70 318.80
10 4,350 2.20 499.30 369.40
11 4975 2.65 659.90 449.90
12 5,356 2.94 737.60 527.40
13 5,962 343 850.70 899.30
14 6,347 3.68 916.70 981.40
15 7,044 4.19 1,052.70 1,123.40
16 7,360 4.42 1,116.20 1,188.80
17 8,000 492 1,233.10 1,311.80
18 8,665 5.45 1,357.70 1,437.50
19 9,350 6.00 1,485.40 1,563.60
20 10,025 6.61 1,604.30 1,686.10
21 10,733 7.33 1,715.30 1,803.80
22 11,337 8.11 1,806.10 1,907.20
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Load Deflection Strain gage x 104', L Strain gage x 10'6, R
No. (kg) (mm) (m/m) (m/m)
23 12,029 8.90 1,901.70 2,022.00
24 12,350 9.33 1,938.30 2,075.40
25 12,983 10.16 1,995.50 2,174.70
26 13,354 10.88 2,228.70 2,328.70
27 13,646 11.81 2,346.80 2,468.60
28 13,749 12.24 2,569.40 2,580.10
29 13,859 13.11 2,889.50 2,790.90
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Load Deflection Strain gage x 10'6, L Strain gage x 10{, R
No. (kg) (mm) (m/m) (m/m)
1 0 0 0 0
2 552 0.11 5.70 5.00
3 1,147 0.48 27.90 22.00
- 1,729 0.90 68.60 54.50
5 2,358 1.30 136.90 100.30
6 2,800 1.58 298.50 185.20
7 3,697 2.13 475.60 378.40
8 4,348 2.50 636.90 553.20
9 4,986 3.01 774.20 673.50
10 5,653 3.53 897.70 792.10
11 6,341 4.24 1,030.30 918.00
12 7,015 4.96 1,155.30 1,034.10
13 7,350 5.25 1,215.70 1,089.80
14 7,988 5.79 1,335.50 1,203.40
15 8,703 6.45 1,473.60 1,335.90
16 9,356 2l 1,599.90 1,451.50
17 10,048 7.79 1,724.50 1,574.40
18 10,699 8.44 1,849.20 1,696.20
19 11,359 9.17 1,966.80 1,817.40
20 12,052 10.00 2,099.10 1,984.80
21 12,681 10.83 2,206.70 2,103.60
22 13,355 11.90 2,334.50 2,245.60
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Load Deflection Strain gage x 104', L Strain gage x 10{, R
No. (kg) (mm) (m/m) (m/m)
23 14,052 13.04 2,439.80 2,364.90
24 14,353 13.75 2,489.40 2,418.10
25 14,460 14.22 2,502.80 2,427.90
26 14,470 14.32 2,503.10 2,425.80

16,000

14,000

12,000

10,000

21, (kg)

8,000

s ﬂl
HUNNNT

6,000

- gim== R

e

4,000

2,000
0 f

0 500 1,000 1,500 2,000 2,500 3,000

ANASEA x 10°, (m/m)

4 v ' g s s 1 = =] a W
ﬂ'lﬂﬁ .10 ﬂ?WNﬁNWﬁgizﬂl1ﬁu'I'H‘I—iﬂ'iJﬁﬁﬂﬂﬂUﬂ’lﬂ’J'IMiﬂiﬂﬂ‘UﬂQtﬁﬁﬂlﬁiﬂ‘iU!L‘Naﬂﬂ'ﬂl

A19819 B4-C




133

/ o w w o o s 1 w 1 4 { ' =]
M3 A1 wamsnadeuiidasy luwuddanudieddnyauzmsdeyeuiigadevouman
13NN 9A TABNITIDUBNIATTIU 90 BN (MANES NS UL RS 2-DB16 99

Y = o = 1 =1 a
AuMan DB12 3Ua7% sesrouuuilunuing 25 udng (B4-D)

Load Deflection Strain gage x 10{, L Strain gage x 10{, R
No. (kg) (mm) (m/m) (m/m)
1 0 0 0 0
2 471 0.04 4.60 4.10
3 1,187 0.34 51.20 28.40
4 1,356 0.44 72.30 37.70
5 2,054 0.78 149.50 66.80
6 2,400 1.00 223.10 118.00
7 3,357 1.58 302.90 225.90
8 4,071 2.06 395.80 393.10
9 4,691 2.51 480.10 558.10
10 5,340 2,95 562.50 687.00
11 5,646 3.18 611.20 747.10
12 6,344 3.70 756.10 877.20
13 7,055 4.26 887.80 1,009.90
14 7,647 4.76 982.50 1,104.90
15 8,357 5.40 1,099.90 1,233.50
16 9,052 6.01 1,222.20 1,368.50
17 9,677 6.58 1,324.30 1,473.50
18 10,363 7.34 1,430.40 1,584.80
19 11,061 8.31 1,541.80 1,696.40
20 11,646 023 1,623.50 1,780.80
21 12,062 9.98 1,676.70 1,834.80
22 12,349 10.56 1,715.80 1,869.00
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Load Deflection Strain gage x 104, L Strain gage x 104’, R
No. (kg) (mm) (m/m) (m/m)
23 12,667 11.57 1,764.90 1,899.60
24 12,822 15.17 1,813.60 1,836.90
25 13,030 17.46 1,845.90 1,823.90
16,000 I
14,000
12,000 /” ‘,“"
_— ,f
IS4 -
< 10,000 {fx"
K~ =’
33 ~
£ 8,000 e
s b’
B - —*—L
= 6,000 S
vole --=--R
4,000
2,000
0
0 500 1,000 1,500 2,000

AIATEA x 10°, (m/m)

H 4
o w o 1 o @ [ 1 a
ﬂTﬂﬁ f.11 ﬂ?'l'l]ﬂﬂwu‘ﬁ'iﬁﬂ'ﬂﬁu'lﬁunﬂiiﬂﬂﬂﬂﬂ'lﬂ'JTlJlﬂ%ﬂﬂ“UﬂﬁLﬂaﬂlﬁ'iﬂiUlﬁﬁﬁﬁﬂ'lu

#19814 B4-D



135

1 o w w o a o 1 ar ' 4 H ]
M13199 A.12 wamiwﬂﬁﬂumms‘uhimumﬂﬂﬂmmamaaﬂymzmmm%u‘ﬁqﬂmmaamﬁﬂ
a  w =2 o a0 ow @
3 uSUsaRe TABNITI0VDINATTIU 90 BIAN IMANIAG NI IR 2-DB16 VA

=] @ A ' a
ﬁ?ﬂﬁﬁﬁﬂ DB16 gﬂﬂ?“ﬁ iﬂﬂﬁﬂll‘l.l‘l.iﬁjﬂﬂ‘ln«nﬂ 25 UAINNT (B4-E)

Load Deflection Strain gage x 10'6, L Strain gage x 10"6, R
No. (kg) (mm) (m/m) (m/m)
1 0 0 0 0
2 869 0.25 19.00 27.30
3 1,347 0.53 65.40 91.80
4 2,200 1.06 127.80 169.00
5 2,699 1.29 192.90 243.80
6 3,354 1.69 254.60 311.60
7 4,057 2.14 347.00 392.50
8 4,677 2.54 457.30 462.70
9 5,355 2.95 562.10 552.90
10 6,062 3.41 663.10 699.90
11 6,687 3.86 751.50 840.40
12 7,351 431 850.60 955.90
13 8,073 4.84 953.40 1,076.70
14 8,666 5.25 1,039.20 1,179.10
15 9,353 5.75 1,135.30 1,292.40
16 10,056 6.26 1,236.50 1,410.00
17 10,672 6.77 1,325.40 1,506.70
18 11,347 133 1,417.20 1,607.20
19 12,053 8.05 1,515.70 1,710.20
20 12,648 8.74 1,587.60 1,791.20
21 13,355 9.55 1,681.70 1,896.20
22 14,062 10.51 1,761.60 1,991.70
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Load Deflection Strain gage x 10{, L Strain gage x 10{, R
No. (kg) (mm) (m/m) (m/m)
23 14,679 11.66 1,824.40 2,072.80
24 15,048 12.37 1,865.60 2,123.30
25 15,170 12.84 1,878.70 2,142.00
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