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CIVIL ENGINEERING AND FOUNDATION TECHNIQUE
JOINT VENTURE (COFEC)

REPORT ON
GEOLOGICAL SURVEY

Location: Hue Central Hospital

Hue City
Surveyor: Engineer Luong Van Sau
[nspector: Engineer Phan Manh Hung

Approved by: Le Duc Phuc
Deputy Director of COFEC

Hanoi, July 1999
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Civil Engineering and Foundation Socialist Republic of Vietnam
Technique Joint Venture (COFEC) Independence — Freedom — Happiness

Fk

EXPLANATION

GEOLOGICAL SURVEY

PROPOSED CONSTRUCTION SITE
HUE CENTRAL HOSPITAL

1. OUTLINES

The geological survey at Hue Central Hospital has been conducted based on the technical
functions and Economic Contract No. 12/99/HDKT signed on 14 April 1999 between Hue
Central Hospital and Civil Engineering & Foundation Technique Joint Venture (COFEC).

Having performed the Economic Contract No. 12/99/HDKT, COFEC already mobilised a
driller GX-1T and SPT machine GOUDA to the site from 20/6/1999 to 11/7/1999 under
instruction of Engineer Phan Manh Hung,

Laboratory tests are carried out by Engineer Khuat Thi Van.

Revision and making up of reports are made by Engineer Luong Van Sau under inspection of
Engineer Phan Manh Hung. :

All the survey, testing and report-making works are in accordance with the relevant regulations
of Vietnam with reference of foreign technique ASTM.

The quantity for surveying work has been implemented in Table 1:

Table 1
 No [T items of works _Unit " T Quantity ]
| | Boring — 14 holes m 310
2 Tes—ting at site
- Standard penetration test ' times 146
- Static penetration test — 5 holes m 81
3 | Testiug at laboratory samples 62
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2. SURVEY METHODS

2.1. Boring and samples taking

Use pipe drilling method with single sample taken, diameter ¢110, pump with bentonite in
combination with driving pipe ¢130, which are used on the top soil layer to prevent collapse of
boring hole.

Undisturbed sample is put in sample tube,
Disturbed sample is put in tube for standard penetration test.

2.2, Standard Peherratian Te_st

This test is conducted in all the boring holes. The instrument set for this standard penetration
test has the following basic specification:

Sample tube:
- Inner diameter: $35 mm
- Outer diameter: $50.8 mm

- Length: 800 mm

(Sorry, the next page is lacking, so we cannot translate item “2.3. Static Penetration Test”. We
will contact Hue Hospital later for getting this page)

2.4. Laboratory test

According to technical functions, the undisturbed samples which are tested, have the following
criterix: o

-~ Soil grade
- Moisture
- Density

- Qravity

- ATTERBERG limit
- Accelerated compression lest
- Shearing test

2.5 Underground water survey

The underground water survey is conducted during boring process with specifying stable water
depth in the boring hole 24 hours after finishing boring hole.
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3. SURVEY RESULTS

3.1 Layer

According to boring results of 14 boring holes within 32m scale in combination with other
survey methods such as standard penetration test, static penetration test (5 holes) and laboratory
test, we can divide structure of natural ground into 6 layers. -

Layer 1: Filling

This is the top layer, located on the whole surveying area. The thickness changes from
1.2m to 2.8m, average 1.55m. This layer is a mixture of clay, sand, broken tile and brick.

Layer 2: Mixed clay

This is a strongly changeable layer, located uncontinuously on the surveying area. At
cross section of geological layer Tl — IIL there has not been found layer 2. At cross
sections of geological layers IV — IV, VI — VI, layer 2 strongly changes, becomes
weaker at boring hole K9, K11 to boring hole K7 and disappears at boring holes K5,
K13. The depth of inner layers at some boring holes changes from 1.3m to 1.8m, the
thickness changes from 1.5m to 2.7m, average 2.2m. The major component of layer is
mixed clay of grey ~ yellow color, grey — green color, soft and plastic status.

Layer 3: Mixed clay

Layer 3 is located on the whole surveying atea. The depth changes from 1.3m to 4.2m,
the thickness changes from 3.0m to 11.2m, average 4.9m. The main component of this
layer is mixed clay of grey — brown color, when it gets deeper, it changes to grey —black
color, soft and plastic status. This is the weak soil layer, the thickness strongly changes.

Layer 4: Mixed clay with tiny grit

This layer is also located on the whole surveying area. The depth changes from 7.5m to
16.0m. The boring holes finish at depth 12.0m but have not found bottom layer. The
major component of this layer is mixed clay with tiny grit of grey — yellow color, brown
- red color, soft and plastic status. Tiny grit has main component of quartz of grey —
white color and grey — green color, ¢ = 2 — 10mm, unevenly located but concentrates
mainly in groups. This is a Jayer with average bearing capacity.

Layer 5: Mixed clay with gravel
Alt the boring holes when reaching the depth 20m, have found layer 5. The depth
changes from 13.0m to 16.0m, the boring holes finish at depth 20m but have not found

bottom layer. The main component of this layer is mixed clay of red — brown color,
grey — white color, consisting of gravel in hard and plastic status to semi-hard. The
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deeper it gets, the volume of gravel reduces, at some place, gravel have size of ¢ = 2cm
- 3cm. This is a soil layer located at average depth, with considerable bearing capacity.

Layer 6: Clay

Layer 6 has been found at boring holes at depth 30m. The depth changes from 24.0m to
26.0m, the boring holes finish at depth 30 — 32m but have not found bottom layer. The
main component of this clay is clay of brown — violet color mixed with grey — yellow
color, semi-hard to hard status. This is a soil layer deeply located but has the best
bearing capacity on the surveying area.

The above-divided layers have been met at survey points at the depths as mentioned in the
following tables:

A. At location proposed to build 3-storey building

! Table 2-1
Boring holes K1, XI K2 K3 K4, X2
Layer | From (m) 0.0 0.0 0.0 0.0
To (m) 1.6 14 1.5 1.4
Layer 2 From (m) 1.6 - 14 1.5 1.4
To (m) 4.2 38 3.0 3.0
Layer 3 From(m) | 4.2 38 30 |30
o | Tofmy 8.2 6.8 6.4 6.0
Layer 4  From(m) | 82 6.8 6.4 6.0
I Ta(m) 14.0 140 160 150 _
Layer 5 From (m) 14.0 14.0 16.0 5.0
' To () - - - -
Location of the layers at this area is clear in cross sections I-I and IT - I1.
B. At location proposed to build 6-storey building
: Table 2-2
Boring holes K35, X3 K6 K7 K8 K9, X4 | KI0, X5
‘Layer | From (m) 0.0 0.0 0.0 0.0 0.0 0.0
To (m) 2.8 1.8 1.5 1.2 1.8 1.8
Layer 2 From (m) 2.8 1.8 1.5 1.2 1.8 1.8
To (m) - - 3.2 - 4.2 -
Layer 3 From (m1) 28 . 1.8 3.2 1.2 4.2 1.8
To (m) 64 6.4 6.3 6.5 13 13
Layer 4 From (m) 6.4 6.4 6.3 6.5 13 13
To (m) 13 14 15.3 14.0 15.5 15.5
Layer 5 From (m) 13 14 15.3 14.0 15.5 155
B To (m) 24 255 25.0 240 26.0 26.0
Layer 6 From {m) 24 25.5 25.0 24.0 26.0 26.0
{ To (m) - - - - - -
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Location of the layers at this area is clear in cross sections III - [T and IV - IV,

C. Atlocation proposed.to build 2-storey building

Table 2-3

Boring holes Kl1 K12 Ki3 K14

Layer | From (m) 0.0 0.0 0.0 0.0

To (m) 1.4 1.3 1.3 1.3

Layer 2 From (m) 1.4 13 1.3 1.3

Ta (m) 4.0 4.0 - 3.8

Layer 3 From (m) 4.0 4.0 1.3 3.8

To (m) 7.4 5.0 7.5 8.0

Layer 4 From (m} 74 9.0 7.5 8.0
To {(m) - - - -

Location of tilc layers at this area is clear in cross sections V - V and VI~ VL
3.2. G eologicql character
3.2.1. Physical and mechanical character
The physical and mechanical character of layers are specified by testing at laboratory and

at site. Details of results are mentioned in Annex 4. Summary of testing results is
mentioned in Annex 3 as below:
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Table 3

Criteria Mark Unit Average value of lavyers
2 3 4 5 6
Particle graduation P % '
>2 4.1 1.1 14.2 2.5
2.0-0.5 3.3 3.3 12.7 6.0 0.4
0.5-0.25 3.8 5.2 10.5 21.5 0.8
0.1-0.0.25 37.9 203 16.2 14.5 58
0.1-0.05 23.5 20.8 13.6 20.5 11.9
0.05-0.005 194 40.6 18.7 15.0 40.8
<0.005 7.9 8.7 14.2 20.0 40.5
Natural moisture W % 32 41.9 22.3 16.4 30.]
Liquid limit We % 36.3 43.8 27.2 304 559
Plastic limit wd % 26.5 326 16.4 16.0 30.2
Plasticity index [s 9.84 11.2 10.8 14.4 25.8
Consistency B 0.55 0.83 0.54 0.03 0.0
Natural weight y g/em3 1.84 1.73 2.0 1.97 1.93
Dry weight ¥e gicm3 140 1.22 1.65 1.69 1.48
Gravity A | glom3 269 | 268 2.70 - 2.75 2.7
Void coefficient eo 0.928 1.20 0.655 0.625 0.830
Void _ n % 48.1 54.3 39.1 38.5 453
Saturation G % 92.6 93.8 91.9 72.2 58.0
Inner friction ) degree 16°02 7°49° 17°39° | 22729 | 20°01°
Cohesion c kg/cm2 0.125 0.089 0.181 0.187 0.368
Compression a2 cm2/kg 0.044 0.046 0.027 0.024 0.021
coefficient _
Standard resistance N hammer 4.7 32 14 334 39
Cone head qec kg/em? 11.33 6.9 488 1717
resistance -
Friction fs kg/cm?2 0.311 0.17 2.54 4.0
Deformed module Eo kg/em2. 71 30 171 189 207
Nominal bearing Ro kg/om2 1.1 0.62 1.5 19 2.8
capacity

Note:

L. The soil layers with mark layer 4 and layer 3 are mixed clay with tiny grit, gravel, soft and
plastic status (layer 4), plastic and hard up to semi-hard (layer 5). As there is a sample
choice, the testing results at laboratory show that tiny grit and gravel volume in these layers
are <|3%. According to site description documents, the tiny grit and gravel volume in
layers 4 and § are >25%, unevenly located but concentrate in groups. Therefore, the values
gc and s in layers 4 and 3 are rather high.

2. Total deformed module of clay Eo is calculated in the foliowing formula:
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Eo = g*mg*(] rep)
a
of which:

my: conversion coefficient from testing result at laboratory based on regulation 20TCVN-74-87
B: deforming coefficient subject to soil type, mixed clay p=0.62, clay B=0.4

3. Nominal bearing capacity Ro of ground is calculated in the following formula:
Ro = m(Ab + Bh) y, + DC

of which

m: operative coefficient of ground (=1)

b =h =] (width and depth of foundation)

A, B, D: coefficients subject to inner friction of ground

C: cohesion

3.3. Survey results of underground water:

Underground water is surveyed in boring holes 24 hours after finishing drilling hole in Table 4:

~ ) Table 4
| Boring hole Kl K2 K3 K4 K5 K6 K7
Depth (m) 2 | 14 1.2 1.2 0.6 1.2 1.1
' Boring hole K8 K9 K10 K1l K12 K13 K14
Depth (m) 1.3 1.6 1.5 1.1 1.05 12 1.1

The above results show that water in boring hole is upper layer water, mainly exists in filling
layer which closely relates to surface water.

4, CONCLUSION AND PROPOSALS
4.1.  Conclusion

In consideration of testing results of 14 boring holes and 5 static penetration testing holes at
location proposed to build Hue Central Hospital, we can evaluate geological conditions of
foundation up to depth 32m as follows:

From surtace to depth 32m, it is divided into 6 layers:

- Layer L: Filling layer. This layer has thin thickness, mixed component, no meaning when
building the Works.
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- Layer 2: Mixed clay in soft and plastic status. This layer has thin thickness, unevenly
located on the surveying area.

- layer 3: Mixed clay in plastic and liquid status. This is a weak layer with considerable
thickness and strongly changeable.

- Layer 4: Mixed layer with tiny grit in soft and plastic status. This is a soil layer with
average bearing capacity, layer surface is strongly changeable.

- Layer 5: Mixed clay with gravel in soft — hard to semi-hard status. This is a soil layer with
considerable bearing capacity, located at average depth.

- Layer 6: Clay in semi-hard to hard status. This is a soil layer with the best bearing capacity
on the surveying area, deeply located.

- Underground water is not deep, thus when opening fourdation of the Works, the
underground water works may affect construction conditions.

4.2.  Proposals

From the evaluation results on geological conditions within the proposed location for building |
Hue Central Hospital, we have some proposals for the items of the works as follows:

For the items of the works in 2-storey and 3-storey buildings:

These are the items with small bearing capacity, therefor we can use the shallow foundation
option to be located on layers 2, 3 after foundation reinforcement.

In case of 3-storey building, if costs are affordable, it’s better to use the shallow pile foundation
to be located on layer 4.

For the items of the works in 6-storey building:
In case of this item, we should use pile driving option, pile on layer 5.

Hanoi, 31 July 1999
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BORE HOLE LOG K1
PROJECT:HUE CENTRAL HOSPITAL

Station. Hue City Depth{m) 20.0
Elevation{m) 35
Date Commenced. 261611998 Coordinates(m) X
Date Completed; 261/6/1999 Y
Logged by. Tran Van Hung Boring type: GXAT
Checked by, Phan Manh Hung Underground water level{m): 1.2
= E
£ - =y 5]
4B 1 - Tl & E Beh |9
sl || 2 SOIL AND ROGK £ 3 = 556 |2 SPT Chart
Na|&|& DESCRIPTION s | 5 B 585 | £| | N(Blows/30em)
i £ w| @ o ngl &
i z
1 Backfill soil: Yellowish brown 0 fromj to | 151151451 30) D 1020 30 40 50
19| 16 grey sand, mixed with rubble 1
2 L -
5 Yellowish grey, greenish grey -—
clay, plastic state. 3 G T3 381 I
0.7 | 42 4-D1[35[ 368 3| 23| 5] |
. . 5 e
Brownish grey clay, changing 1l R
3 | to bfackish grey according to 8 U2 | 58 6.0 1
the depth, plastic to liquid D2 | 60| 648 2[ 3 2| 4| &
state. 7 1
47 | 82 4 8
D3 | 8.0] 845] 11 2| 3| 5
8-
Sandy clay with yellowish grey 10 uz [ e8] 10
" gravel, red brown, plastic D4 | 10| 105F 7] 10| 11| 21
4 _ state. The main content of 11 : C
_gravel is quanz, D = 2-10mm, N ]
reach 30-40%, imegular
dispostion, 12 [355] 1212451 & 7| 8| 15
13
-18.5 14| 58 14
[8]:] 14114.45| 15| 17} 16] 33
Sandy clay with reddish brown 15 ]
gravel, white grey, hard state, 18
The content of gravel Is > D7 | 16[16.45| 5| 7| 8| 15
5 25%, Iregiular disposition; the | I
content of gravel decrease
_ according to the depth, with 18 |
gravel size Is 2-3cm D8 | 18[ 185] &) 7| 8] 18 fFEme
somewnhere. 19
-16.5/20.0 o009 | 20120.05] 50} >50)
Finished at depth of 20m
1

iﬂote:

1
U: Undisturbed sample - D: Disturbed sample - C: Rock sample

N: Standard Penetration Value (Blows/30em)
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