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Abstract

- A Study on the Physical Characteristics follow in the Salt water - Fresh water

dampness hardening of Cement Mortar —

By Kim, Yun Taek
Adv. Prof. : Kang, Choo Won
Dept. of Resource Engineering

Graduate School, Chosun University

The mortar and concrete made by cement are extensively used construction
materials, the research and development of complex materials used cement
have operated remarkable growth about durability and the quality of
materials.

Accordingly, to compare with physical characteristics of chloride ion
permeation on fly ash added mortar and concrete analyzed physical
characteristics that ordinary portland cement mortar and fly ash cement
mortar carry out wet curing each for one, three, seven, twenty—eight day on
fresh water - sea water.

1. The Fly ash cement value of uniaxial compressive strength, brazilian
strength, direct shear strength test, specific gravity, schmidt hammer test,
point road test is initially about 5720% lower than ordinary portland cement

at the physical characteristics but an increase ratio of fly ash cement in the

_Vi_



long term is higher than ordinary portland cement.

2. The friction angle of direct shear strength test wholly approximate 90°
and cohesion is 29.427593.34 bigger than rocks because the cement mortar
made wet curing is high water content in ratio of dry weight.

On this study, fly ash cement indicated an high increase ratio in sea
water. Through the experiment and valuation of various view point,
methods make up for data if so we will be advanced application probability

of construction site.
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Table 2.1. Component of Curing Water

Wat " Eh Ec TDS DO | cond |temperature
ater Sa

U @) (me/m)| (mg/) | (mg/h) (ms) ()
Fresh | 7.05 | 217 | 857 | 36 | 23.5 0 83.1 18.5
Sea 6.46 | 249 - 112,200| 15.98 | 12.8 | 21.6 19.1




3. Al89 FH|

3.1 A ¥ E(Cement)

AFES] o] “mEE v ZAF"oler 552 7HX T1g] 2019 caede’t cement
2 W3 ZomA ASTMoAM = WS on=2 “3He F3d we =243 =4&
23E & 3l A& Al(adhesive)” 8 3t}

.
e
AME = A3 3 JES 7HFE 5o 4o wi, v Mg 4o 7tF2 v
2 EL A 2ol FAYES Anrt dv AR wel oy 7HAL
o5 M gy 2ol AL 1824 FTolA e EEW

(Ordinary Portland Cement)E 7l&st Zo|th dnbd o=z Wil AWELE &9

AW ZolA £74 AdECr, EEAS ANEE EA F44 ANt

34)

it

X EW= AWE(Ordinary Portland Cement)= F/4+<1 43|, A7, &Fvvt
2 tstE S ReleE Y9EE e vER T8 E§ste], 1 457t §835H9
224 29 A Ao Aag vhste] EEE g Ao|th. thyk KS L 5210(3L
2 Ega AWE)A 743 Seaut, KS L 5401(EENE 258 AW E)o|| A
TS L&, = KS L 5405(Z2ke] ofADel A tA g S2ko] oAl & 7]er A
7M. T& AMES 5% ol &3 2 e dE i & EFE 5+ Adv

2 AFo A= KSoll AU oHA 25 &3] AFEst= HlF 31569 15 B
B EEUS AWEKS L 54015k Zetol Al (fly-ash) & ESAZ ALg 3 Zelo]
of A A 9l E (fly-ash cement)Z Al-g-3}% .
FEWE AHES] FH2 Ao st R s R F
of A%t} shst AR O =+= [Table 3.1]o EAISH &g 7ol whetof shm,
2a] 4RO [Table 3210 BAS 2% 1A wepol s



Table 3.1. Chemistry Component

3 = 15 2% 3= 4= 5%
Silica(Si0) 20.0 ©] 4
Aluminum Oxide(Al:O3) 6.0 o] 3}
Iron Oxidell (Fe:0) 60 ©] 3} 65 °]3} | 5.0 °]3}

Magnesium Oxide(Mg>Oz) 50 ©l&} | 5.0 °]at | 50 ©]&} | 5.0 °]3}k

Sulfur Trioxide(SO3)

C3S 8%0] 3 uj 3.0 o3&} | 3.0 o]&} | 35 o]&} | 2.3 o]&} | 2.3 o]3}

CsA 8%°] 3} uj 35 ol&} 45 o3}
e 2 3.0 o3&} | 3.0 o3&} | 3.0 o3&} | 25 o]&}l | 3.0 o] 3}t
Alite(C3S) 350] &}
Belite(CsS) 40 o]sf

Aluminate(C3A) 8 ©oJs} | 15 o]&} | 7 o3} | 5 o]3}
C3S +C3A 58 o]3}

Ferrite(C4AF) + 2(C;;A? . 95 o] 5
or (C4AF + CoF) Solid Solution

HlaL, sl gd 28 7|52 FAE o, C=Ca0, S=Si0O;, A=Al03, F=Fex(03& gtt}.

of

Table 3.2. Natural Component

Item 1= 2% 3% 4 5%
Fineness Blaine (cm/g)  |2.8000] F|2.800°] F|3.300°] F|2.800°] T 2,8000] T
Stability . Qj‘;ﬁfﬁ}‘; : 0893 | 0.80]3} | 08913} | 0.80]3F | 0.89] 3}

Gilmore ear(lrzli(rjli(ées)lon 60017 | 60017 | 60°17 | 60°1% | 60°]%

Congelation | Test | last decision - ~ ~ - -
Time (ClOCk) 100] 0]’ 1001 0]' 100] 0]. 100] 0]_ 100] 0]—

Beaker |early decision| 45°17 | 4501 | 45017 | 450174 | 45°]%

Test (minute) 375013} | 375018} | 37508} | 375¢] 8} | 3750] 3}

hHgattpf 7 700] 4} 600] A}
ydration - - - -
(kgf/cm®) 28< (80°]3}) 70°] 8}
. 1< - -
COTffSEﬁVe 3d 13014 | 110017 | 250014 - 90°] 4
gt/ o)) 79 200014 | 180014+ | 280014 | 75014 | 160014
28 290017 | 285017 | 310017 | 180014 | 21014
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Table 3.3. Every kind expenditure of cement
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3.2 Fly Ash Cement®] # - ©%

Fly Ash Cement= Al8& 4% AA, Fly Ash T 7F84 SiOx= A|HE 314
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4.0 A1EH A R FA

Hlg & WA (Mixer)® FEE2EIEZE 2202 o] Ay 2oy FHEC= 7}
5 Aex 4 S5 ddFew 253 v e e® txl § =g TPEA
=2 Od 7o) fIAESE Foh T F 4ARE ofF A skal 244k o] 5o A

AEA AEE 5 A4 AME ZEe29] =4 E A H(KS L 5105)00

of &tm, 3/jEth B

E T otdn Eo 7+ B

g 29s9s e AustA Fo] dojok s, A

= AA FFolojof gtk Eo AW HAXEI FAAE o] xS a5k
He Hrolojol gk, Al 59 3E Wl 0.025mm, AHEEA &

< 0.0omm, FHH  Arele] A= Al &2 50£0.13mm, A& T &2
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Table 4.1. The mold

Materal 5 A
Type 393
Size 90x50x50mm
Plate IS s
Materal Sl
Type 399
Size T4 0 @ 50 x 100
Plate S

EEet2e] wiete AWME @ Rl 0 E9 = 10245 0 069 W= g
L 5105)° uwet 670 AldAlE 3 whA= 3 Hol nb=
E Bl10goll ®FAF 1,250g01 ™, 97he] AlFAE g wjA =
of W% Ax A5 F& AHE 760gel EFAF 1,862g0th EFTY &
HE= AFE AWE FA19] 60%% sk, &3] (Fly-Ash)= A4

g, E BE 9 =3 £7] F2o ¥V &5 F 20~-275TE £X
ofof atm EFF, F71%, w714 2 A Fxo B LxE 23:2Co|ooF it}
G A E=E 50% o] AFololof a7 delu 714 95% o] Ake]
A7t AZH =2 A ZEolof Y

AT e AFA AR f\l [Table 4219} 7o] 2] #7) €&& 22~25CT, 4

T 21~-25C=2 74 stger, FFdHedA YdAS Jdornz HuFes

o
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Table 4.2. Temperature
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A7), o, FEF=(kgf/cm’)
P : FHd 5 (kgf)
A FAAY 9 A (em?)
o] A9l A4 gt Eole] HE 1.00& sl o} dEe] FAH(JIS M 0302)
ol A= oF 20, ASTM(D2938) H=i&= ISRMOA = 20~30S 438k Qi AlgHe] A=
of gk ISRM®] g2 7IshHe] W s 002mm, S99 7ikde] A7 == 0.001rad
(0.05mm / 50mm), =% Aole] AAHPL A Zeld] tlal] 0.3mm o= =] Ak
GEA 7= FAXAY ste& R x£Ho] 7hedk Server controller system©]

[Fig 5.11¢] =-l2F Model No : HST-100T, &% 100ton2] A&7 & o] &3, 35
3kgf/cnt/sec® 7}ttt

A3 2aE Au 54 F 4EAE AP TAHEY dEFE AU
(KS F 2405-'01 : A ® 74, 14¢, 289 )"} A AHFS =25 "d24 14, 3

=
), 79, 28U sgon AFUEe FAA AN

) = H
& ATolM = FreshdH & deol/#74de) H7t oF 109 W= Ad@stglen, 7o #3

(&3
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£7} 002mm ola7t HES Antaglel 474w 39 448 B ASTM 2 ISRM 71%<
F4ahelet
Al & 53] Aledsle] 1 glo] HEg 10%014 Aozt U FES AAGL 7 AR
2 M AlERE s AEste] [Table 5113 2 A7k vhsken, [Fig 52]9 £& 1
A e woln 9
Table 5.1. Avg. Result of Uniaxial compressive test
Coment Curing No. Width Heig?h Length Strengttl
Water Length(cm) (Heigth-cm) (kgf/cm®)
PF-1-1 4.98 5.01 74.2
PF-1-2 4.97 5.01 73.5
PF-1-3 4.96 4.98 88.3
Fresh average 497 5.00 78.7
IDay | o o TP 498 499 56.1
FF-1-2 4.96 498 57.2
FF-1-3 4.96 4.98 56.2
average 4.97 4.98 56.5
PF-1-1 5.12 5.08 181
PF-1-2 5.06 5.05 174
PF-1-3 5.09 5.06 173
Fresh average 5.09 5.06 176
Water | FF-1-1 499 497 160
FF-1-2 4.98 499 114
FF-1-3 4.99 497 114
average 4.99 4.98 129.3
3 Day -
PS-1-1 5.15 5.06 184
PS-1-2 5.13 5.07 186
PS-1-3 5.08 5.04 170
Sea average 5.12 5.06 180
Water | FS-1-1 5.07 513 103.8
FS-1-2 5.05 5.05 145.6
FS-1-3 5.09 5.09 112.8
average 5.07 5.09 120.73
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Table 5.1. Continue

Curing Width Heigth Length Strength
Cement No. . 2
Water Length(cm) (Heigth—cm) (kgf/cm”)
PF-1-1 5.05 5.11 217.01
PF-1-2 5.01 5.01 212.35
PF-1-3 5.01 5.02 218.55
Fresh average 5.02 5.05 215.97
Water FF-1-1 5.00 5.05 192.8
FF-1-2 5.01 5.06 179.8
FF-1-3 5.01 5.02 187.4
average 5.01 5.04 186.7
7 Day PS-1-1 5.06 5.06 201.12
PS-1-2 5.08 5.11 192.35
PS-1-3 5.01 5.02 188.84
Sea average 5.05 5.06 194.10
Water FS-1-1 5.00 5.01 190.1
FS-1-2 5.01 5.04 178.3
FS-1-3 5.04 5.03 163.8
average 5.02 5.03 177.4
PF-1-1 4.87 4.96 309
PF-1-2 4.92 4.95 312
PF-1-3 4.94 4.98 322
Fresh average 491 4.96 314.33
Water FF-1-1 4.95 5.02 306
FF-1-2 4.92 5.01 300
FF-1-3 4.83 4.98 298
average 4.90 5.00 301.33
28 Day PS-1-1 4.98 4.95 278
PS-1-2 4.95 5.01 282
PS-1-3 4.95 4.99 269
Sea average 4.96 5.98 267.33
Water FS-1-1 5.01 5.08 222
FS-1-2 5.00 5.01 218
FS-1-3 4.98 4.99 206
average 5.00 5.03 215.33

_20_




350

350

& 300 < 3004

B §

= =

2 2

= 250 E 250

is) k)

c — =

2 g

& 200 a _— & 2004

2 vy 2

2 2

e i —m— N-Fresh Water 95’_ 180+

g : o N-Sea Water IS N-Fresh Water(r=0.8984)
O 400 4— F-Fresh Water 8 1004 ® N-Sea Water(r=1.00)

S —v— F-Sea Water = F-Fresh Water(r=0.9396)
3 y H - v F-SeaWater(r=0.9563)
= —

i 504
o 50 5
T T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Curing Date Curing Date

Figure 5.2. Graph of Uniaxial compressive test result.
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st At Al AlEe] HEH o] BEeiA= A WA fdl [Fig 54lst 2] AFA D
A8 Ast AAE Ao ATHISRM, 1978b).
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Figure 54. Apparatus for Brazilian test.
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A
L: 57
0= BHNE AFSHe] g, o = FHOB AF Y] 4§k
©,=0,=0°" = &2 A% d=t
2P P (4-
G = — T N A-4)
*= DL 0.636 DL

o olgdl web FAAFAmE 5 = A2 e,

o}7]4, P: &%, D: A7, L : Aot}

AT E dol/AA L H7F 0571 HEE ARE dud & gt We Z2W dA]
g olgato] WL 947} 02%5mm ola7t HES Artalo] ALgaiRon], 2zte AR
el 370 AEE FHlste] daF e A AR GEJIFSHES vHe F JYAEE F
sttt 1 Ad= [Table 5219k 2o, [Fig 5519 22 ¢S Balth
Table 5.2. Avg. Brazilian teat results of the rock.

Cement Curing No Width Heigth Length Strength

Water ' Length(cm) (Heigth—cm) (kgf/cm®)

PF-2-1 5.60 3.01 46.5

PF-2-2 561 2.85 45.2

PF-2-3 561 2.78 447
1D Fresh average 5.61 2.88 45.47
a Water | FF2-1 554 264 0.1
FF-2-3 5.53 2.81 40.2

FF-2-5 5.52 2.78 40.2
average 5.53 2.74 40.17

PF-2-2 5.58 3.08 71

PF-2-5 5.60 3.03 72

PF-2-6 5.60 2.86 73
3D Fresh average 5.59 2.99 72.00
ay Water | FF2-1 556 2.83 64.6
FF-2-2 5.56 2.67 65.6

FF-2-4 5.56 2.68 67.0
average 5.56 2.73 71.67
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Table 5.2. Continue

Curing Width Heigth Length Strength
Cement No. : 9
Water Length(cm) |  (Heigth-cm) (kgf/cm”)
PS—2-1 559 3.05 2
PS-2-2 5.64 3.16 71
PS-2-3 5.60 3.06 72
2 10 Sea average 5.61 3.09 65.73
w Witers [=F5-2-1 558 2.86 64.0
FS-2-2 556 3.20 62.0
FS-2-3 556 3.00 60.25
average 5.57 291 58.33
PF-2-1 559 3.10 34.86
PF-2-2 558 3.04 82.19
PF-2-3 559 313 84.32
Fresh average 5.59 3.09 83.79
Water FF-2-1 555 279 63.90
FF-2-2 556 2.85 60.67
FF-2-3 558 2.81 65.60
7D average 5.56 2.82 73.08
ay NS-—2-1 559 3.00 70.29
NS-2-2 5.62 278 7172
NS-2-3 5.60 3.05 79.39
Sea average 5.60 2.93 65.06
Water FS-—2-1 555 2.97 56.0
FS-2-2 5.60 2.97 59.0
FS-2-3 561 2.70 60.5
average 5.59 2.88 56.47
PF-2-1 559 3.09 9.00
PF-2-2 5.60 3.00 83.00
PF-2-3 5.60 3.01 86.00
Fresh average 5.60 3.03 87.67
Water FF-2-1 5.60 2.83 72.00
FF-2-2 556 3.00 73.00
FF-2-3 557 3.12 75.00
average 5.58 2.98 82.67
28 Day PS—2-1 563 313 79.00
PS-2-2 5.62 3.02 78.00
PS-2-3 5.60 3.05 76.00
Sea average 5.62 3.07 73.33
Water FS-2-1 558 3.00 62.00
FS-2-2 557 3.02 63.00
FS-2-3 558 3.06 63.00
average 5.58 3.03 67.33
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Figure 5.5. Graph of Brazilian teat results.
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5.3 H] &, &4&, =% (Specific Gravity, Absorptance, Prosity)

HEe 2u7) HED AulFor TR, AngoR PN BAG AYoR T3

s
atH, 16T ==2 Hojk 24X &k 3T oY ex= TI‘Z] ajoF atH, 4A|7F
ZA3te] 0.1% ol W3ts nd W HAxF

HoAg oA HFS SA3 = AFEE 2 E(oven) vaccum ¥ heatingS FAo] 3 4
A QE(Figure oven) o2 & Aet 2=A7F H35 0o 9+ ovend AFESIRoH A&

METTLER TOLEDO A}¢] AG BalanceE AF&-3S1tHFig 5.6].

FHae AR FEQAN BT, BB WA, BB A 04 7D 5 I8 F
FHE LE SR el 4HnR, FU% AR BE FhE AR2A Ue B
ARG 98 4 MAE 54 F 4g meselor @ /1 BT
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P AERTAA Ax2AZ T AFA FA(g)

HlE, 358 AP3lae 24 AR 3~563]5 AAlste] HoAlg] siolon, Alddae =
A e ets] ®EA T (Sugeested Methods of ISRM), W= F=AEH(ASTM) Ol =&}
Ak A2 HF =4S METTLER TOLEDO ARl MANUALS #Haslglom, 44
AL 2 AREE Ao F& 2 Hls AFUTHEKS F 2518-'80)°0 ¢ 3] A

sttt 1 A¥= [Table 5313 2om, 1 -2 [Fig 57~510]7 2t}

Table 53. Avg. Result of Specific gravity, Absorption and Porosity.

Curing L S‘peci‘fic water Absorptance Prosity(n)
Day Indentiication || (W1) | (W2) | (W3) (W4) | Gravity | content(W) | (W3-W2)/W2 | (W3-W2)/(W3-W4)

) (Gs) |(W1-W2)/W2| x100(%) x100(%)
PF-4-1 || 42.102 | 37.004 | 43.654 | 22.891 | 2.082 0.138 17971 32.028
PF-4-2 || 46.062 | 44.015|51.575| 27.068 | 2.082 0.147 17.176 30.848
PF-4-3 || 50.491 | 39.933 | 46.920 | 24.465 | 2.079 0.264 17.497 31.116

1 average | 46.218 40.317]47.383| 24.808 | 2.081 0.183 17.548 31.331
Day | FF-4-1 | 47.570 | 44.862 | 47.958 | 25.131 | 2.080 0.150 15817 31.086
FF-4-2 | 56.462 | 48.195|56.575 | 29.639 | 2.090 0.182 17.338 31111
FF-4-3 | 48.617 | 44.304 | 49.559 | 26.153 | 2.090 0.142 15924 30.402
average | 47.550 |45.787|51.364| 26.974 | 2.087 0.158 16.376 30.866
PF-4-1 || 69.589 | 60.807 | 69.724 | 36.536 | 2.107 0.144 14.664 26.868
PF-4-2 || 66.683 | 58.685 | 66.904 | 35.116 | 2.097 0.136 14.005 25.856
PF-4-3 || 65.076 | 57.222 | 65.297 | 34.270 | 2.207 0.137 14.111 26.026

3 average | 67.116 58.905|67.308| 35.307 | 2.107 0.139 14.260 26.25
Day FF-4-1 | 48.935 | 42972 | 48885 | 26.015 | 2.112 0.139 13.760 25.850
FF-4-2 | 46.910 | 41.324 | 47.018 | 25.040 2.130 0.135 13.780 25.910
FF-4-3 | 42.553 | 37.782 | 42.926 | 22.8384 | 2.119 0.126 11.160 22.070
average | 46.133 |40.683|46.276| 24.646 | 2.120 0.133 12.900 24.610
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Table 5.3. Continue

Curing L S‘peci.fic water Absorptance Prosity(n)
Day Indentiication || (W1) (W2) | (W3) (W4) Grgmty content(W) | (W3-W2)/W2 (WS—WZ)/(\QVS—WAU
(Gs) |(W1-W2)/W2| x100(%) x100(%)
PS-4-1 || 51.459 | 44.868 | 51.843 | 27.384 | 2.105 0.147 15.546 28517
PS-4-2 [ 60.425 | 53.104 | 61.135 | 32509 | 2.109 0.138 15.123 28.055
PS-4-3 || 62.125 | 53.926 | 62.221 | 32.944 | 2.170 0.152 15.382 28.333
3 average | 58.003 [50.63358.400| 30.946 | 2.128 0.147 15.350 28.302
Day FS-4-1 || 58409 |51.312 | 58.812 | 31.130 | 2.132 0.138 14.62 27.09
FS-4-2 || 49.251 |43.671 | 49.765| 26.453 | 2.139 0.128 13.95 26.14
FS-4-3 || 48.815 | 42.989 | 48.832 | 26.052 | 2.134 0.136 1359 25.65
average |[52.158 [45.990|52.470| 27.878 | 2.135 0.134 14.053 26.293
PF-4-1 || 53.378 | 47.206 | 54.171 | 28511 | 2.131 0.131 1474 27.143
PF-4-2 || 53.733 | 47.179 | 53.758 | 28480 | 2.132 0.139 13.945 26.027
PF-4-3 || 63.188 | 55.896 | 63.414 | 33.815 | 2.135 0.130 13.450 25.400
PF-4-4 || 48287 | 43.070 | 48.621 | 25.782 | 2121 0.121 12.888 24.305
average | 54.647 [48.329/54.991| 29.147 | 2.130 0.130 13.759 25.720
FF-4-1 | 53.361 |47.735|53.284 | 28585 | 2.130 0.118 11.625 22.466
FF-4-2 || 51.823 | 46.472 | 51.877| 27673 | 2.129 0.115 11.631 22.331
FF-4-3 || 50.286 | 44.757 | 50.300 | 26.745 | 2.131 0.124 12.38%5 23.532
FF-4-4 || 46.604 | 41.474 | 46.667 | 24628 | 2.125 0.124 12.521 23.563
7 average |[50.520 [45.113]50.532| 26.908 | 2.128 0.120 12.041 22.973
Day PS-4-1 || 46.461 | 41.769 | 46.569 | 25.063 | 2.165 0112 11.492 22.319
PS-4-2 || 48986 | 43.742 | 49.070 | 26.001 | 2.125 0.120 12.181 23.096
PS-4-3 || 51.079 | 45.931 | 51.191 | 27.218 | 2.133 0.112 11.452 21.941
PS-4-4 || 44513 | 39.522 | 44.583 | 23.388 | 2.101 0.126 12.806 23.878
average || 47.76 |42.741|47.853| 25.418 | 2.131 0.117 11.960 22.786
FS-4-1 || 53.865 | 48.016 | 54.673 | 29.200 | 2.128 0.122 13.864 26.134
FS-4-2 || 54.382 | 48.042 | 54.852 | 28998 | 2.119 0.132 14.175 26.340
FS-4-3 || 48538 | 43.206 | 49.028 | 26.277 | 2.123 0.123 13475 25.590
FS-4-4 || 63.606 | 56.198 | 63.098 | 34.108 | 2.137 0.132 12.278 23.801
average |/ 55.098 [48.866|55.413| 29.646 | 2.127 0.127 13.448 25.466
PF-4-1 || 47.270 | 41.936 | 47.287 | 24.835 | 2.152 0.127 12.760 23.833
PF-4-2 || 54.413 | 48.648 | 54.505 | 28.847 | 2.139 0.119 12,040 22.827
PF-4-3 || 50.400 | 45.052 | 50.825| 25.154 | 2.118 0.119 12.814 22.488
28 average | 50.694 [45.212]49.206| 26.279 | 2.136 0.122 12.538 23.049
Day FF-4-1 | 56.603 | 50.367 | 56.627 | 29.958 | 2.121 0.124 12.429 23.473
FF-4-2 || 54.406 | 48.524 | 54.418 | 29.029 | 2.139 0.121 12.147 23.215
FF-4-3 || 52.408 | 46.522 | 52.416 | 27.002 | 2.129 0.127 12.670 23.192
average | 54.472 [48.471|54.487| 28.663 | 2.130 0.124 12.392 23.293
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Table 5.3. Continue

PS-4-1 60.190 | 53.694 | 60.207 | 30.698 2.142 0.121 12.130 22.071
PS-4-2 58.802 | 52.260 | 58.813 | 31.594 2.139 0.125 12.540 24.075
PS-4-3 54.801 | 48259 | 54.812 | 27.605 2127 0.160 15.982 27.761
28 average | 57.931 |51.155|57.944| 29.966 | 2.136 0.135 13.551 24.636
Day FS-4-1 47.711 | 42541 | 47.673 | 25.511 2.146 0.122 12.064 23.157
FS-4-2 || 58.371 | 51.951 | 58.348 | 31.071 2.130 0.124 12.314 23.452
FS-4-3 50.381 | 43.921 | 50.391 | 23.064 2.151 0.147 14,731 23.676
average | 52.154 /146.138|52.137| 26.549 | 2.142 0.131 13.036 23.428
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Figure 5.7. Graph of Specific gravity results.
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Figure 5.8. Graph of Water content of ratio of dry weight results.
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Figure 59. Graph of Absorption results.
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Figure 5.10. Graph of Porosity results.
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Table 54. Avg. Result of Direct Shear Test.

‘ Width | Heigth ength Peak |priction|Cohesion
Curing| No. i Strength _ | Remarks

Length(cm)| (Heigth-cm) (kgf/cr) Angle(%) | (kgf/cm?)
PF-3-1 557 9.00 47747 0=3kgf/cm”
PF-3-2 557 9.00 521.89 88 384.20 |o=6kgf/cm’
1 |PF-3-3 557 9.00 639.59 0=9kgf/cm’
Day |FF-3-1 S 9.00 490.87 0=3kgf/cm’
FF-3-2 5.57 9.00 570.08 86 453.33 |o=6kgf/cm’
FF-3-3 5.57 9.00 586.78 0=9kgf/cm”
PF-3-1 5.59 8.87 317.29 0=3kgf/cm”
PF-3-2 557 8.69 354.48 88 189.43 | 0=6kgf/cm”
PF-3-3 5.61 8.73 527.67 0=9kgf/cm”
FF-3-1 557 8.90 279.452 0=3kgf/cm”
FF-3-2 557 8.92 378525 88 174.62 | 0=6kgf/cm”
3 |FF-3-3 557 8.94 486.243 0=9kgf/cm”
Day |Ps-3-1 5.61 8.54 185.19 0=3kgt/cm”
PS-3-2 5.64 8.55 216.05 86 142.18 | 0=6kgf/cm”
PS-3-3 5.60 8.86 265.14 0=9kgf/cm”
FS-3-1 557 9.0 102.362 0=3kgf/cm”
FS-3-2 557 85 182.071 88 29.42 | o=6kgf/cm’
FS-3-3 5.57 8.7 251.629 0=9kgf/cm”
PF-3-1 5.57 9.00 632.92 0=3kgf/cm”
PF-3-2 557 9.00 652.83 85 593.34 |o=6kgf/cm’
PF-3-3 5.57 9.00 702.24 0=9kgf/cm”
FF-3-1 557 9.00 362.830 0=3kgf/cm”
DZW FF-3-2 557 9.00 463.874 88 298.63 o:6kgf/cmi
FF-3-3 557 9.00 509.650 0=9kgf/cm”
PS-3-1 5.57 9.00 353.89 0=3kgf/cm”
PS-3-2 557 9.00 683.13 89 22577 |0=6kgf/cm’
PS-3-3 5.57 9.00 710.69 0=9kgf/cm”
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Table 5.4. Continue

‘ Width |Heigth ength Peak |priction|Cohesion
Curing| No. h i Strength ) Remarks
Length(cm)| (Heigth-cm) (kgt/em?) Angle(%) | (kgf/cm?)
7 |FS31 557 9.00 324.476 0=3kgf/cm’
o FS-3-2 557 9.00 484.083 38 259.12 |0=6kgf/cm’
ay IFs-3-3 557 9.00 502.318 0=-9kgf/cm’
PF-3-1 557 9.2 626.89 0=3kgf/em’
PF-3-2 5.58 9.3 740.37 a7 584.06 |0=6kgf/cm”
PF-3-3 557 9.2 747 88 0=9kgf/cm”
FF-3-1 557 9.1 293.97 0=3kgf/cm’
FF-3-2 558 9.0 586.43 89 103.44 |o=6kgf/cm”
28 |FF-3-3 556 9.0 726.00 0=9kgf/cm”
Day [PS-3-1 5.57 9.0 679.70 0=3kgf/cm’
PS-3-2 5.55 9.2 714.84 85 643.45 |0=6kgf/cm”
PS-3-3 557 95 751 .64 0=9kgf/cm”
FS-3-1 557 9.1 671.99 0=3kgf/cm’
FS-3-2 558 9.3 710.88 a7 602.68 |0=6kgf/cm”
FS-3-3 557 9.3 795.40 0=9kgf/cm”
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85 89°
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g 0] ﬁf 5001 1 "
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T 3004 e % 300
2 i 2 ] —*— g’
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v NF-28 DAY(r=0.8924) v NS-28 DAY(r=0.9999)
" : : ; 2 " : : ; 2

Normal Stress(kgf/cr’)

Normal Stress(kgf/cn’)

Figure 5.12. Graph of NF and NS Sample Friction Angle results
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55 4o} E(Shore Scleroscope Hardness Test)
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Uniaxial compressive strength, MPa
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Figure 5.15. Relationship between Shore hardness value

and uniaxial compressive strength.

_38_

Unit wceight (v) kN‘m?



Table 55. Avg. Shore hardness results.

Indenﬁfi“fzf 1023|4567 8| 9|10 11]12]13|14|15| 16| 17, 18| 19| 20| Average
PF-5-1 2 SIS s 1| 12453 1| 1|1} 1|1} 2|42 2.19
PF-5-2 4 111 2 41 1] 2|54 13|11 4| 11|41 2.25
PF-5-3 B 1] 2 2031|123 1]2]3[2]12|1]|2 2

1 | average 2-23
Day| FF-5-1 31|23} 1,3|1|2]13]1]1 2010121 3| 2 1.80
FF-5-2 1)1 13|11 1[1]1]1]2]|1 31111 1]4|1 1.45
FF-5-3 11,231} 12 1]1]1]1]1 1121211211 1.40

average 1.55
PF-5-1 | 4| 4| 4] 4, 3| 75| 3[3[3|3|3|4|4|5|3|4|4|8| 3| 400
PF-5-2 || 3| 3| 54| 6| 3| 4| 3|7]9|8|6|2|3|3]2|3|4|3| 4] 425
PF-5-3 || 33| 7|3|5|7]2|2]2|2|3|5 8112 7] 3| 3|13] 2| 5.00
average 4.42
FF-5-1 | 2| 2| 6| 4| 4| 4| 8| 43| 7|3|3|7[3]7|6|5|3]4]9]| 47
FF-5-2 || 2| 3|2 3|2|4|2|3|4|2|3|/3/6[3]7|3|6|3]2]8| 35
FF-5-3 || 3| 7 2121 3|6|6|6[3]/8[6|242]1]2|3|2|3] 37

3 | average 4.00
Day| PS-5-1 || 3| 3| 5| 9|5|5|6|9|5|2|4|4|3]7|6|7]4]6|9]| 4| 530
PS-5-2 || 4] 3|10] 3| 8|10] 3| 5| 6| 3| 8|10/ 10| 11| 2| 3| 5| 3|10 4| 6.05
PS-5-3 |12/ 11| 5| 6| 3| 7| 4| 9| 7| 7|10/ 3| 5| 3| 3| 6|11| 4| 4| 3| 615

average 5.83
FS-5-1 | 3| 4|8 4| 2|3|5|1]3|3|5|9]|4 21 7| 75| 4| 3] 455
FS-5-2 | 6| 4| 5| 2| 3| 4|6|4]3|3|2| 3|6 8/ 5| 7] 93| 2| 45
FS-5-3 || 43| 53| 4|6|4|2]6|3|2| 3|3 5/ 2| 53| 8| 4| 415
average 4.42
PF-5-1 |5/ 6| 7|8 79100 7| 9|11 9| 7| 8|9|8|8|7|6|6| 7| 767
PF-5-2 || 3| 5|12 14| 6| 3| 1| 3|11] 8| 11| 6| 9|10l 6| 11| 9| 8|10 9| 772
PF-5-3 || 4] 7| 6| 6| 5| 8|11| 9|10 7|11 10| 10| 8| 9| 7| 5| 6| 7| 6| 760
average 7.66
FF-5-1 | 2|9|7|3|6|5|2|3[/2|89|4/5]2]3|2|89|7] 4| 500

7|1 Fr52 | 2]3|7]4]4]7|5|2]5|7|7 5|4]7|8|9]4|8|5|6| 545
Day| FF-5-3 || 5/ 3]3/9|8|6|7|5[/9|8]7/6|8[9/5/7]3]4/5|9] 630

average 5.568
PS-5-1 || 5| 4| 3|7|2|2|5|5|12/15] 7|16| 4| 4| 3|11 5| 6| 7| 9| 660
PS-5-2 || 3] 4| 7|4, 9|10/ 6| 499|713/ 9|9 4|4, 5|8|7| 7| 690
PS-5-3 || 4] 4| 5| 7| 9|10/10] 9| 7|10 9|10| 7| 7| 6| 6| 6| 7| 5| 5| 715
average 6.88
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Table 5.5. Continue

Numb
il 2 30 4| 5] 6| 7| 8| 9|10 11]12| 13| 14| 15| 16| 17 18| 19| 20|average
Indentification
FS-5-1 61|21 1] 14| 3|11 1{4}1] 4 79| 2|610| 1 3.48
7 FS-5-2 2171615732100 7(10[,. 7] 52| 7] 3 81 9|5 4 5.65
Day FS-5-3 6191327 7]3]/3]7]9 71 6 91 716|795 6.10
average 5.08
PF-5-1 || 11| 6| 9| 3| 5| 9(13| 8| 9| 7|14 6]10| 13| 5| 10| 8| 5| 2| 12| 825
PF-5-2 9111 3| 7|10] 11| 8| 3| 7] 9| 9| 10|15 8| 3| 11| 10| 10| 8| 6 8.40
PF-5-3 (| 13/ 14| 8| 8| 12| 6| 4| 11| 12| 11| 15| 14| 9| 10| 12| 6| 13| 11| 9| 13| 10.55
average 9.07
FF-5-1 6781939137612 8|97 81 9|10| 11| 8] 10, 9.24
FF-5-2 81 9| 6|13] 8|11112| 3| 6| 7112 9| 8| 8| 6| 6| 7|10 8| 12| 845
FF-5-3 718112 6| 8| 8| 6| 7|13[11]10] 8| 7| 9| 6| 6] 7|10] 8| 12| 845
28 | average 8.71
Day PS-5-1 41121 9110 31 6|14 8| 7] 8|10| 11|12} 10, 9| 7| 8] 12| 8 8.80
PS-5-2 || 11 9111} 9| 5| 7|12, 9| 6 81 10( 10| 11112 6| 5| 8| 7 8.30
PS-5-3 7181919878 7,68 4]3]9|8] 7] 8]10]13] 9]10] 79
average 8.33
FS-5-1 31 78| 151114, 6| 7| 8| 7| 7|13 6| 7| 5| 3| 9] 11| 13| 15| &7
FS-5-2 81265318911 5|6|7]8]9|10/12] 6| 8| 9|10| 8 7.50
FS-5-3 8115 8| 8|11} 14,1015 2| 7, 3| 6| 5| 6| 8| 9| 7|13 5| 4 8.20
average 8.15
10 10
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— 84 o~ 84
13 13
2 7 L 74
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» 54 » i
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ZHE 27 v F-SeaWater(r=0.9999)
14 1
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Figure 5.16. Graph of Avg.
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Figure 5.17. Photograph of the Schmidt hammer test
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Figure 5.19. Graph of Avg. Schmidt hammer rebound value.
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5.7. A3t% 7%= (Point load test)
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Figure 5.20. Point load Tester
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Figure 5.22. Size Correction Chart Point Load Strength Test
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Table 5.7. Avg. Results of Point Load results.

Diameter : i Congg

No. Length(cm) | Strength(psi) Strength

(G (kgf/cm?)

gf/cm

PF-7-1 5.64 4.86 30 52.0
PF-7-2 5.56 4.89 35 52.0

1 Average 5.60 4.68 32.5 52.0
Day | FF-7-1 5.54 5.07 25 45.0
FF-7-2 5.61 471 30 45.0
Average 5.58 4.89 275 45.0
PF-7-1 558 5.58 55 85.0
PF-7-2 5.59 5.51 55 85.0
Average 5.59 5.55 55 85.0
FF-7-1 5.59 5.10 45 73.0
FF-7-2 5.56 5.53 45 69.0

3 Average 5.58 5.32 45 71.0
Day | PS-7-1 558 5.16 40 65.0
PS-7-2 5.59 5.00 35 58.0
Average 5.59 5.08 37.5 61.5
FS-7-1 558 5.09 45 74.0
FS-7-2 558 5.24 45 72.0
Average 5.58 5.17 45 73.0
PF-7-1 558 5.17 80 129.0
PF-7-2 558 5.87 75 110.0
Average 5.58 5.52 77.5 1195
FF-7-1 558 5.10 60 98.0
FF-7-2 558 5.10 60 98.0

7 Average 5.58 5.10 60 98.0
Day | PS-7-1 558 5.00 60 100.0
PS-7-2 558 5.30 60 95.0
Average 5.58 5.15 60 97.5
FS-7-1 5.59 5.00 50 83.0
FS-7-2 558 5.06 50 82.0
Average 5.59 5.03 50 82.5
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Table

5.7. Continue

Diameter . Uni. Comp.
No. Length(cm) | Strength(psi) Strength

(cm) (kgf/cm®)
PF-7-1 5.58 5.05 170 257.0
PF-7-2 559 5.06 160 242.0
Average 5.59 5.06 152.5 249.5
FF-7-1 5.56 5.03 155 236.0
FE-7-2 5.56 5.02 155 236.0
28 Average 5.56 5.03 135 236.0
Day | PS-7-1 5.56 5.02 130 215.0
PS-7-2 557 5.01 130 215.0
Average 5.57 5.02 130 215.0
FS-7-1 5.58 5.05 140 231.0
FS-7-2 5.58 5.05 120 198.0
Average 5.58 5.05 130 214.5
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Figure 5.23. Graph of Avg. Point Load results
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