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Experimental Studies on the Structural Design of Concrete Pavement (2)
——QOn the Frictional Stress, End Restraint Stress
and Warping Stress of Concrete Pavement——
(July 1961)
S. Iwama
Synopsis:
Experimental concrete Pavements with a thickness of 20cm, a width of 3.75m, lengths of 0 and
180m betwveen expansion joints, 6, 10, and 15m between dummy joints were paved at Chiba. The

Movement, apparent warping, temperature of the slabs and the variation of joint’s widths have been
observed for one year. Friction test of 2 concrete slabs, compression test of expansion joint fillers,
length and weight variation measurement of concrete specimens from pavement slabs were performed.

After the evaluation of these date, the amount and freguency of frictional stress, end restraint stress
and warping stress were experimentaly determined.

The anthor made it clear that the warping stress is the most important one of the thermal stresses
of concrete slabs. -
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F-15A EIKERBRARE
= ] i
HHE H% & B () & gD VB VI B YRR (ppm)
i N : . [ i . [ .
(mm) fRE] B K | ok 38k |8 K [ B K DR MK | B K B K| KRk | B A K
'1.6i 52.25 17.68 1.06 |  33.00 26.00 |  10.06 10.86 25.57| 15.29
0.80{ 1.4!  53.55 20.83 1.12° 3155 24.55 | 10.38 39.75 25.53 15.17
! 1.2 52.20 19.99 1.02 32.90 25.10| 10.65 43.24 26.08 14.48
0.55 | 1-6|  40.10 18.11 0.54 16.86 7.78 5.23 29.91 20.00 13.53
901 14 40.10 18.11 0.52 16.86 7.78 4.60 29.91 20. 00 13.10
#£-15B BREFrHFEE 1.2 vdisk
e [ KT 5 WAKOBEE (%) | HHRE L2 cHT 3 (%)
IREL: PR e 7
N - 3 g | B=vF g
(mm) B Ele B\ Eag B Bl B R
% A % 7 %, %
1.6 94. 00 61.31 40.20 99. 1 106.5 90.4
0.80 1.4 94.62 57.72 40.57 99.7 100.3 91.2
1.2 94.90 57.57 44.48 100.0 100.0 100.0
0.55 1.6 97.02 32.78 32.35 99.9 80.2 93.8
- 1.4 97.13 40.87 34.50 100.0 100. 0 100. 0

B ks LT #BIRMKEH HERER & & ST sic
i3 % - R AR B E K ] LT
T5 &I b EBEEIC OV UIAKROE
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120m/8 #3#EL LC 150 m/H ¢z 20%, 180m/H
Th 40% BE AR HEEH MI T 0L Zbh b,
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KECHARIEBHRERITRER Do Tib bR
TO7 vy 7 OMEEAFE LV ST BN
P BRICEA L, FCRBROATI B &k 5 8
BICEREERKEN BT 5. AEBOBEG LM
WTHBMARE LAWEBEEHHswTT 7 2 v
— 2 HEFRE LISE 80N T >v (il B S ko ik
IR & BIBWIBOIREKHDOEL 2 TN ZofERN
felil%, 2,3 B L-28~H-30%tmT L B0 TH

£

%o H-28 RtEMLERBR T~ ER Ty y
7 DEBIRENREF TH B, 7 vy 2OREETD
MFRMFEFICE L, Lichi-> THEGE 0.80mm ofp
Bz hinb b, 5~ 6 B CIEEIRET LTw5,
ZDX 5B AEBAKELRIFL Ic54, ARKIB~D
RSB ROMEIIERET 6em Tzl LS
BiTlebhd & &), UTOBEIASCEH T
eV X-29 12013 0 M A R T 1T » 7o KB
THHM, 77y 7 ODERPTRATEH B0, PREFR
TOMHEHSI P, 7oy 7RE[FRLEHBLTLE
WIER COAFMAML, O PHERTO 7y
ZMBRIEYR L, FRKbic7 ey 2B bhic#He
ThHbo LOLXSHBBCRBRB~DIRTL S CH
BRSO EIKTH ML, SRoOMEAERIh
Bo K-30 127 2 L — 2 XS BA T, BERS
MRl 38~42 BERIE R L, (88K E S IFERIC R
it o B TH B TDX D LHICIILTEFHOHKK
HOFE L, IMFEBIEWETHET T2 281750
ZDE 5 eBECLBEEREBRO 7 v o 7 MAATIR,
GERBBOZhIC N TRER LD LB, FKNB~DiC

£-16 HBFHEEH O PIHE L ERFERH O AR
® A & # B ok | E A % & 0.45mm ¥ ¥ 4R K 1.2 HHE
[, B E . . 50cm | 100cm | 150cm | 200cm | 250cm | & £ | 50cm | 100cm
BRI G " B B\K By 5w [ x| ¢ | 2c | 2 | 2 | 2c
mJf m ﬁl 55 K B¥ 3 B 4 CEE: B 5 B 5 4 B 2
120 1.1 104.0;, 11.7 0.51 1.53 2.44 3.21 — 3.33 1.39 2.59
120 1.8 80. l| 12.9 0.38 1.52 2.53 3.53 4.50 5.29 1.10 2.58
180 1.8 108.0, 13.2 0.14 0.45 1.00 1.10 1.24 1.30 0.28 0.59
180 1.1 96. 0I 1.7 0.15 0.53 1.07 1.20 — 1.20 0.28 1.07
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SR & S ICRABOHSOKIUIRFRIEE & & DiTsn L,
BiRONFFRFORMS D Bhv Do

HERMICE W T7 v v 7 OIS RFIITiebh 535
AR, BEMZHEATS 7y 232N D L O
T, FORLERIRST 50, WENTOT ey 2
DINF L ZRFRD SERR £ CISEHTeH/fiiL, 5o
HATS 7 7y 7 ORLIFFHIT DR WA GRS D
OHFIKFADHIME L S Briicdb D &g, LLL
DL S HBETL, BHAOERL? vy 2 OPRA~DH
B L CRFICWNT 2 2 & &g b D, HETRFHES
b OBEKKIULERITS 2 L3 b, Thp Pk
IRER N S8 CHEGBEEIER ORMME A D 2 L,
IO X S S AEN RFT/ebh TWaBETH
HEVEFILRAR LT, DPELKEONMIHELS S
FARHNE GhAHMIC L LB RETH Do Wik
FELCTHIBATH, 77y 7 ORERTRAEBART
RE-29 A ERYRTILCRY, EEO
HKREGEIFRA LD LA LERITRESI L Y KRB
v vy 2 BAESEMICHEA L, HIicK-28 L AR
A5 L, EAREHMIIERICERT 5. ThYx i
BESEORMELRA B0DI, 7 vy 7 ORETR
DR AES AR OREFE R R ESEA
FTrzEiTi B,

(v) BRKOKE

BB R R R RE IS SRR oI A BT
FEL, FREMR OSSR, BHERK
DN B PRI EEL B R & i, EEIKDK
B ZhEHplofiaERLTnd, F-14 XU #-
157 7 e v — 2 2 REE TR T - B & T 13T
RS- BEYEALBEORATH B, FERK
FER LB 2t T~ 28K, R0 TFiET
BEIBEKOWMAT HHRINOEREY 51T b
», HHOEAMAEYERLTh, LICEDKERS
CHEEIRD ZEREETH Do TOLDWBKOKE
LARRCHHH, KERICHV TRPRORIFOZRC
L BEBKOKENED L S CEBL S50, Tofil
R BB DICKEDORE XTI -1 b D TH Bo
HERDERTIIFE-13, F-1 IR T X 5 T5%RK

0.45mm ¥ 5k EBMEHFR LWEE)

DN B BEROWEKOKEILRIFE L DA H B0
Bt Lo B RRAR— BRIt FEMOMEER
HIISIEFR LB H, BEKHBO Y v v 7 ONERES
KBRS N B bR 52 o ThbbBUN7 vy 2
DT LR LT 5 & LA WER BT OZ 2258
ROKBEREEY S 2%, ThIRZHE X » THDLE
HhBLD TR, 78y 2O LTRPROFE
EfL %77 vy 7 OWBRWEER B LD S PROE
BREAMEE Do Licht o THIE D/ e 5 BP R R
DEIEFIT 2 & &l Bh b, HEREEE LT
BRI CERKOEIR REF L 50 £ 2T, ToOfl
DEHENELL, HHENA U THIE, WEHERD/N
B BRI FEEKOKRERBERTW5,

TREMC PR ANODRAES LIRBIE S 5
P HPROREEHATET B LW 5 RO RER & A
ThBHH, BPHHOERIPEBLALBELCR—Td5
M BIRE ERD 2 - CRIFEERYF 2 50 LichioT
FREMICIBSSERORNIC X 2 HEKORERIZ S
A EENREL, BAT X » TREHODEAEYSICES
LTV 3B ERK 0K 5 PEIE KRR DRE, RIF
LB EMH B, F-13 OFHE 0.80mm DF<
VS VIEEEOTIESERCHE T ORRERL T
DIFFETRLTW5o L LAKICR? L, HHEHN
MU CHSERNE I DBOKERS TV ER N E
< A—HBHETHERILTHUTA LI, BELC
3%, BEET2%, B~vr Gy ViERE TS %REE
DERTHY, BHROBYROEROEENKE V. W
BEEETRETRE, 70y 7 OBRRTORIEIINE
HMETFT 50T, BRKOKEDETATHALIS,
T D ERER TS bivieh » o pt, BiRHORR™
TREVTH B, TofENEbRTWS, LkLE
BHEIE A K LIBE, FhCE CLIERiTAmERS Y
HTrEaE, DERER o7 vy 7 OWEAR O
238 & - TIBEERROERIC L 5B B0 H1AKE
{Hbh, EHEROKEOERIHEG IV oEEL
bibs

(2] AHEOREDIES

(i) FBEGEH

0.55mm ¥ & 4% ¥ 1.2

A % @& 0.80mm % 8 % M 1.2

| HE 6.45mm
X olk

150cm | 200cm | 250cm | & #% i 50cm | 100cm | 150cm | 200em | 250cem | £ % [ H ¥ B H H B
x¢ | g | #¢ | ¥C | ¥c | ¥¢ | z<¢ | ¥¢ | ¢ | ¥¢ |0.55mm| 0.80mm
B o B I By 5 B 5 R B 5 S B 5 B N R 4N
3.41 4.01 — 4.08 2.16 3.41 4.17 4.47 — ‘ 4.58 i 116.5 140.0
4.33 5.51 6.52 7.40 2.27 4.52 6.43 8.10 9.16 | 10.06 ! 127.7 184.1
1.12 1.27 1. 44 1.50 0.42 1.18 1.43 2.02 2,20, 2.25 ! 122.3 161.0
1.26 1.46 — 1. 46 0.56 1.32 1.56 2.10 — 1 210 i 132.5 162.4

e s | 103 1614
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x-17 ﬁéﬁﬁﬁﬂkﬁﬂﬁOJSWnKﬁj%m¥(%ﬁm%ﬂﬁﬁk%%)

R & it B 7 b 23 il

B | RN o ® (%)

(mm) 50cm ¥ ¢ | 100cm % -¢|150cm % -¢{200cm ¥ ¢

By 4 8 4] I By 33 B 5
0.45 1.2 18.30 7.15 12.30 15.08 18.05 100
0.55 1.2 21. 50 9.23 15. 10 18.50 21.08 118
0.80 1.2 45.50 17.00 26.38 36.15 44,44 248

GE) EBEIE 120m/H
B AR 1.1m

HEREMFE—ThhE, FOENARBIEELDE
BN e By, TOREPHOLENEIIIAL
%o BEIBANY ORIV ThOBEIILE W CLIRE
FUL< B, REHEIRBIC Lieai> T, ZEHbTEat
LR ENEL, ERCEDRERERD, Thdx
HHBOKRL HBDETRADED N APRL D LRE
BOZEBHERFHNAICAE LD, LrLEERLS
e LTRER DD 6, WERFENMITHNMT %5, Lk
B THBMIEEATS 7 = v 7 OR\FFHOLEIRN
E# L 0 LM HBER, PREANTS 0By
TABSD7 vy 7B HORBE CRA LTHRHNSN
DUTANCIT ShBMR, 77y 2 OEI T OLH
ML DI ARARDBEKR, 7oy 2 3DHORFEC
FHL T 0T, HEFROHEDZIC L - THBEIE
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ieBicdh, REKCO7 vy 7 oMBHRIMMTZ &
Ciedo

RERICHEM LI-EBT 0 5 5, HEEN 1.2 CHY
#20.45mm, 0.55mm, 0.80 mm ORI OB/ EZD D
DEREME L COEEMERLTED &I Y & bo

A% 0.45mm g 0. 026 mm?

H51%0.55mm  £A 0.038mm? £/ 0.007 mm?

HEEE0.80mm B4 0.108 mm2 £ 0. 020 mm?

BT RT S EE, DRRGEBE LT
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THo0 b, WERRNECAEABEY 2 2EHT
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BIRALE 0.55mm Ty 18% ), #%E 0.80mm
TR MG WL > T, THPXT 7 v — 2 0ER
B LIS RITIE, #RERO SRS EN & RN L
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3% 123 OISAEER O MR B bh B b0 & T
Ihdo

(ii) $azxkE
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BRI LTV, 7 ry 7TERMBRFLBEIR
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TRELRLTCWS. ZOZLOEAE 5T E iR
RIKFUTDWTHRS &, BBBHKEE:O 5 MR CHRE
0.45mm ¢ 20cm, AR 0.55mm = 13cm, AHHE
0.80mm T 6cm LicoTH3BA, BHE0 5 BT
HEE 0.45mm € 7lem, HEE 0.55mm ¢ 74em,
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F-18A  WHHAKORMEK LML 2T Liviia)

woH MR ok ¥ B 4R IR IS FEEE 0.45 mm JHBMRE 1.2 | AR 0.55mm MK 1.2 | A 0.80 mm iy 1.2
e | W B B g e " s AT s | BV VL o e | BT VSV | e v v
mamw | BT o |woe e o BUWR Iw o e m | P RE I e e w DR R e e e w | BERT
mJE m| cm|%; 73 iy ity PPm)| [y iy PPm B N PPm i3 [ PPm
120 1.1 90 4.0 104.00 | 50.00 110,96 | 1,40 | 21.00 66.70 | 1.98| 22.75 69.55 | 4.73| 24.50 75. 55
120 1.8 90  4.0| 80.83| 65.00 136.98 | 11.85 | 30.33 89.98 | 15.78 | 32,83 95.94 | 21.27 | 33.50 102.26
180 1.8 9 4.0 92.00 | 42.00 101,23 | 6.08| 19.50 62.59 | 8.43| 21,00 68.91 | 1193 22.75 74,60
180 1.1 90 4.0 93.33| 43.33 94,93 1,73 20.33 59.85 | . 3.27 | 20.67 66.98 | 5.23| 24.33 69. 54
P # 92.54 | 50.08 111.03 | 527 22.79 69.78 | 7.37 | 24.31 75.35 | 10.79 | 26.27 80.49
-18B Wi oML oM 3R LATHE 0.45mm wwt T s (%)
T Ok & W T » Bk X AR 0. 45mm HWHH 12 X+ Bk
LR AT%hER 0. 45 mm. 3447 1. 2 | 47502 0. S5 mm 4R 1. 2 | A% 0. 80 mm (A% 1. 2 | A7 0. 55 mm #45 HR% 1. 2 | ArhiR 0. 80mm ¥ ffs 1.2
mif m
120 1.1} 98.65| 58,00 39.89 | 98.10 | 54.50 37.32 | 95.45| 51.00 31.83 | 99.4| 94.0 93.6| 96.8| 87.9 79.8
120 1.8 85.34 | 53.44 34,31 | 80.48 | 49.49 29.96 | 73.69 | 48.46 25.35| 9431 928 87.3| 8.3 90.9 73.9
180 1.8| 93.39| 53.57 38.17 | 90.84 | 50.00 31.93 | 87.03| 45.83 26.31| 97.3| 93.3 8.7| 92| 85.6 68.9
180 11| 98.15; 53.08 36.95 | 96.50 | 52.30 29.44 | 94.40 | 43.85 26.75| 98.3| 98.5 7971 9.2| 82.6 72.4
B # 93.88 | 54.50 37.33 | 91.48 ] 51.57 32.16 | 87.64 | 47.29 27.56 | 97.4| 94.6 8.2 | 93.4| 86.8 73.8
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g 11~15[ 96. 71 66. 67 36,32 98,36 68,18 36.31 98. 55 68,18 39,14
E 98.15 66. 50 42,23 98. 87 66. 90 43.14 98,98 67.54 43,22
1~5M 81.54 56, 46 31,76 82, 48 56,46 30. 90 8502  56.46 30.30
o.80 | 6~10@ 98.86 62.13 35. 98 95. 55 62.13 32,14 97,58 62.13 30.87
- 11~15/ 91.21 57. 50 35,41 90, 11 56. 68 27.76 94, 46 56, 68 25, 84
B 90. 54 58,70 34,38 89,38 58, 42 30. 27 92,35 58, 42 29. 60
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